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ABSTRACT
The p u rp o se s  o f  t h i s  i n v e s t i g a t i o n  were t o :  ( a )  ex­
am ine s t r e n g th  and a n a e ro b ic  pow er g a in s  a s  w e ll  a s  s e l e c te d  
l o c a l  m usc le  e n d u ra n c e , maximum work o u tp u t ,  and  body compo­
s i t i o n  a d a p ta t io n s  r e s u l t i n g  from s h o r t  te rm  t r a i n i n g  w ith  
t r a d i t i o n a l  m ethods v e rs u s  a  t h e o r e t i c a l  m odel; (b )  to  p ro ­
v id e  a  s y n e r g i s t i c  o v e rv ie w  from a  s p e c i f i c a l l y  c o n s t r u c te d  
s e r i e s  o f  s t u d i e s ,  each  d e s ig n e d  i n  a  l o g i c a l  p ro g r e s s io n ;  
and  ( c )  to  p o o l h o ld in g s  o f  l i k e  d a ta  to  g e n e ra te  a  s c a l in g  
p ro c e d u re  u se d  to  p r e d i c t  h ig h  and low  g a in e r s  o f  pow er from 
i n i t i a l  m e a su re s .
Seven t r a i n i n g  s t u d i e s  u t i l i z e d  a  t o t a l  o f  298 m ale  and 
if5  fem a le  s u b j e c t s  d iv id e d  i n t o  e x p e r im e n ta l  and c o n t r o l  
g ro u p s . T ra in in g  p r o to c o ls  c o n s i s t e d  o f  f r e e  w e ig h t t r a i n i n g  
3  to  !f days p e r  week, r a n g in g  from  6 to  12 weeks d u r a t io n .  
Power was d e te rm in e d  from a  v e r t i c a l  jump p ro c e d u re  and  th e  
Lew is fo rm u la . S t r e n g th  m easu re s  w ere ta k e n  from  1 RM p a r a l ­
l e l  s q u a t ,  bench  p r e s s ,  and power c le a n .  L o c a l m usc le  en d u r­
an ce  was m easured  from r e p e t i t i o n s  w ith  80% o f  1 RM s q u a t .
I n  a d d i t i o n ,  a b i l i t y  to  re p ro d u c e  a  b a l l i s t i c  t a s k  a f t e r  
f a t i g u e  was m easu red  by a  maximum l e g  e rg o m e te r  r i d e  and 
d ecrem en t o f  p r e - p o s t  v e r t i c a l  jum p. A p r o g r e s s iv e  maximum 
l e g  e rg o m e te r  r i d e  to  v o lu n ta r y  te r m in a t io n  was u s e d  to  mea­
s u re  maximum work o u tp u t .  F i n a l l y ,  body c o m p o s itio n  was 
a p p ra is e d  by b o th  h y d r o s t a t i c  w e ig h in g  and s k in  f o ld  t e c h ­
n iq u e s .
i x
The d a ta  f o r  a l l  v a r i a b l e s  w ere a n a ly z e d  u s in g  a  g roup  
by t e s t  ANOVA fo llo w e d  by c o n t r a s t  s ta te m e n ts  o r  D uncan 's  
m u l t i p le  ra n g e  f o r  s p e c i f i c  t e s t  d i f f e r e n c e s .  D is c r im in a n t  
a n a l y s i s  was u se d  i n  one e x p e rim e n t to  i d e n t i f y  g ro u p  d i f ­
f e r e n c e s  and  p ro v id e  a  s c a l in g  m odel w ith  f u n c t io n s  t h a t  
m axim ized g roup  d i f f e r e n c e s .
T ra in in g  on th e  t h e o r e t i c a l  m odel g e n e r a l ly  p ro d u ced  
g r e a t e r  i n c r e a s e s  i n  l e g  and h ip  s t r e n g th  and  i n  pow er th a n  
th e  t r a d i t i o n a l  m ethod . D is c r im in a n t  a n a l y s i s  p ro c e d u re s  
i n d i c a t e d  t h a t  s u b je c t s  who had  th e  l e a s t  i n i t i a l  l e a n  body 
w e ig h t and were t r a i n e d  by th e  t h e o r e t i c a l  m odel g a in e d  th e  
m ost pow er.
x
CHAPTER I
INTRODUCTION
I t  i s  n o t  a lw ay s th e  b e s t  a t h l e t e  who w in s , b u t  
o f t e n  th e  one b e s t  p re p a re d  a t  th e  r i g h t  moment* H aving 
an  a t h l e t e  a c h ie v e  h i s  o r  h e r  b e s t  p e rfo rm an c e  f o r  th e  
s e a s o n  e n d in g  c h am p io n sh ip s  i s  a  much p u rsu e d  o b je c t i v e  
f o r  b o th  th e  a t h l e t e  and coach* A c h iev in g  t h i s  o b j e c t iv e  
may f r e q u e n t ly  be re g a rd e d  a s  th e  m easu re  o f  s u c c e s s  f o r  th e  
e n t i r e  s e a s o n . One h a s  o n ly  to  lo o k  a t  th e  r a s h  o f  w orld  
r e c o r d s  by E a s te rn  E uropean  a t h l e t e s  i n  th e  p a s t  O lym piads 
o f  M unich, M o n tre a l ,  and Moscow, n o t in g  t h e i r  r e l a t i v e l y  
p o o r e r  p e rfo rm a n c e s  i n  th e  im m e d ia te ly  p re c e d in g  and p o s t -  
Games c o m p e tit io n *
Much o f  th e  p a s t  and w id e ly  a c c e p te d  r e s e a r c h ,  
p a r t i c u l a r l y  a s  r e l a t e d  to  th e  a n a e r o b ic a l ly  t r a i n e d  a th ­
l e t e ,  h a s  b een  l im i t e d  to  th e  e x a m in a tio n  and su b se q u e n t 
b e n e f i t  from  d i f f e r e n c e s  i n  volum e and i n t e n s i t y  o f  ex­
e r c i s e .  More r e c e n t  i n t e r e s t  i n  o v e r a l l  t r a i n i n g  c o n c e p ts  
o r i g i n a t e d  from  th e  im p l i c a t i o n  t h a t  p r i o r  t r a i n i n g  r e ­
g im es l e d  to  o p tim a l p e rfo rm an c e  l e v e l s  w i th in  a  p re d e ­
te rm in e d  tim e  l a p s e ,  c r e a t i n g  what i s  o f t e n  c a l l e d  a  " p e a k " .
The p r e s e n t  l a c k  o f  in f o r m a t io n  and s u p p o r t in g  d a ta  
on t r a i n i n g  c o n c e p ts  r e s u l t  i n  l i t t l e  ag re em e n t to w ard  
a  s y s te m a t ic  a p p ro a c h  to  s t r e n g th  t r a in in g *  T h is  s e r i e s
1
2o f  e x p e r im e n ts  was c o n d u c ted  i n  o r d e r  to  i n v e s t i g a t e  
a  t h e o r e t i c a l  m odel f o r  s t r e n g th  t r a i n i n g .
S ta te m e n t o f  th e  Problem  
The p u rp o se s  o f  t h i s  i n v e s t i g a t i o n  were to :  ( a )  ex­
am ine s t r e n g th  and a n a e ro b ic  pow er g a in s  r e s u l t i n g  from 
s h o r t  te rm  t r a i n i n g  w ith  t r a d i t i o n a l  m ethods and from a 
t h e o r e t i c a l  m odel; (b )  to  p ro v id e  a  s y n e r g i s t i c  o v e rv iew  
from a  s p e c i f i c a l l y  c o n s t r u c te d  s e r i e s  o f  s t u d i e s ,  each 
d e s ig n e d  i n  a  l o g i c a l  p r o g r e s s io n  from  th e  p re v io u s ;  and  
( c )  to  p o o l h o ld in g s  o f  d a ta  and su b m it to  d is c r im in a n t  
a n a l y s i s  f o r  g e n e r a t io n  o f  a  m odel t h a t  c o u ld  be u sed  to  
p r e d i c t  h ig h  and low  g a in e r s  o f  a n a e ro b ic  power from i n ­
i t i a l  m easu rem en ts .
Review  o f  L i t e r a t u r e  
Among th e  e s s e n t i a l  p h y s ic a l  q u a l i t i e s  r e q u i r e d  f o r  
s u c c e s s f u l  a t h l e t i c  p e rfo rm an ce  a r e  m u sc u la r  s t r e n g th  and 
e n d u ra n c e . F u r th e rm o re , i n  many s p o r t  e n d e a v o rs  th e  a th ­
l e t e s  who e x h i b i t  th e  m ost a n a e ro b ic  power have a  c l e a r -  
c u t  c o m p e ti t iv e  a d v a n ta g e . H aving re c o g n iz e d  th e s e  a t t r i ­
b u te s  and n o te d  c o n t r i b u t i o n s  to  p e rfo rm a n c e , th e  s p o r t  
s c i e n t i s t ,  a t h l e t e ,  and  coach  a r e  c h a l le n g e d  to  d e s ig n  
and im plem en t s p e c i f i c  d ev e lo p m e n ta l reg im en s  to  m axim ize 
p e rfo rm a n c e . The fo llo w in g  re v ie w  o f  th e  l i t e r a t u r e  
c o n c e n t r a te s  on th e  p h y s io lo g ic a l  c h a r a c t e r i s t i c s  o f  
s t r e n g th  and pow er, sum m arize t r a i n i n g  a p p ro a c h e s , and ex­
3am ine t r a i n i n g  e f f e c t s  on body c o m p o s it io n . S p e c ia l  
a t t e n t i o n  i s  g iv e n  to  t r a i n i n g  p r o to c o l s  t h a t  a t te m p t 
to  o p tim iz e  e f f o r t s  and th e r e f o r e  r e s u l t  i n  t im e ly  p e r ­
form ance p e a k in g .
M u scu la r S t r e n g th
M u scu la r s t r e n g th  i s  th e  a b i l i t y  to  e x e r t  f o r c e ,  o r  
more s p e c i f i c a l l y ,  th e  c o n t r a c t i v e  pow er o f  m u sc le s  a s  a 
r e s u l t  o f  a  s i n g l e  maximum e f f o r t  (C la rk e ,  197*fb). T h is  
i s  commonly m easured  by th e  amount o f  w e ig h t t h a t  can  
be l i f t e d  once (one  r e p e t i t i o n  maximum: 1 RM), A s i z e ­
a b le  num ber o f  e x p e r im e n ts  have  d e m o n s tra te d  t h a t  s i g n i f ­
i c a n t  s t r e n g th  g a in s  a r e  a c h ie v e d  th ro u g h  a  v a r i e t y  o f  
p ro g ram s. The e x te n t  and  r a t e  o f  im provem ent may be 
g e n e t i c a l l y  l i m i t e d  (A s tra n d  and R o d ah l, 1977) and  may 
depend p a r t i a l l y  upon th e  i n i t i a l  l e v e l  o f  s t r e n g th  
(M athews and Fox, 1976). N o ta b ly , a  weak p e rs o n  w i l l  
te n d  to  g a in  s t r e n g th  more r a p i d l y  and  to  a  g r e a t e r  r e l ­
a t i v e  e x te n t  th a n  a  p e rs o n  who a l r e a d y  h a s  a  h ig h e r  l e v e l  
o f  s t r e n g th  a t  th e  o n s e t  o f  t r a i n i n g .  B oth  i s o m e t r ic  and 
i s o t o n i c  form s o f  e x e r c i s e  im prove m u sc u la r  s t r e n g t h .
Many s t u d i e s  do n o t  f a v o r  one m ethod o v e r  a n o th e r ,  b u t  
i n  a  re v ie w  by C la rk e , (1 9 7 4 a ) , s e v e r a l  i n v e s t i g a t o r s  
a r e  c i t e d  to  have o b se rv e d  g r e a t e r  g a in s  f o r  th e  i s o t o n i c  
form , m ost n o ta b ly  w e ig h t t r a i n i n g .  Such e x e r c i s e  c a u s in g  
s t r e n g th  g a in s  may a ls o  r e s u l t  i n  an i n c r e a s e  i n  m usc le
if
m ass a s  w e l l ,  a lo n g  w ith  im proved  a n a e ro b ic  s u b s t r a t e  
u t i l i z a t i o n  f o r  a  g iv e n  w ork load  (D e V rie s , 197*t)*
M u scu la r s t r e n g t h  g a in s  a r e  b e s t  a c c o m p lish e d  th ro u g h  
a  p r o g r e s s iv e  r e s i s t a n c e  program  a s  d e s c r ib e d  by DeLorme 
and W atkins ( 1 9 5 0  and l a t e r  m o d if ie d  ( Z in o v ie f f ,  1 9 5 0  
to  in c lu d e  h ig h  r e s i s t a n c e - l o w  r e p e t i t i o n  t r a i n i n g  (A s tra n d  
and R o d ah l, 1977; B rouha , 1962; Brown and W ilm ore, 197*fJ 
G ettm an , A y res , P o llo c k  and J a c k s o n , 1978; 0*S hea , 1966; 
W ilm ore, 1975; W ilm ore, P a r r ,  G ira n d o la , Ward, Vokdak, 
B a rs to w , P ip e s ,  Romero, and L e s l i e ,  1 9 78 ). P r e c a u t io n  
sh o u ld  be  ta k e n  to  a v o id  o v e r t r a in i n g  a s  i t  may l e a d  to  
e x h a u s t io n  o f  th e  n e u ro m u sc u la r  a p p a ra tu s  and a  su b se ­
q u en t d e c l in e  i n  work c a p a c i ty  (T s c h ie n e , 1973)•
M uscu la r E ndurance
M u scu la r en d u ra n ce  i s  o f t e n  re g a rd e d  a s  th e  a b i l i t y  
o f  th e  m u sc le s  to  p e rfo rm  work by h o ld in g  a  maximum con­
t r a c t i o n  f o r  a  g iv e n  l e n g th  o f  tim e  o r  by c o n tin u in g  to  
move a  subm axim al lo a d  (C la r k e ,  197^-b). The p r e s e n t  d i s ­
c u s s io n  i s  p r im a r i l y  c o n ce rn e d  w ith  th e  l a s t  p o i n t ,  dy­
nam ic e n d u ra n c e .
U n lik e  m u sc u la r  s t r e n g t h ,  w hich m ust depend p r im a r i ly  
on  th e  ATP-ADP m ach in e ry  and n e u r a l  a d a p t a t i o n s ,  m u sc u la r  
e n d u ra n ce  m ust r e l y  m ore on a e r o b ic  e n e rg y  y i e l d  and  con­
s e q u e n t ly  an  a b u n d an t b lo o d  su p p ly  to  th e  m usc le  i n  ques­
t i o n  (A s tra n d  and R o d ah l, 1977)* R ecen t r e p o r t s  s u p p o r t
5th e  g e n e r a l  f in d in g s  o f  e a r l i e r  s t u d i e s  i n  t h a t  th e  i s o ­
to n ic  form  o f  e x e r c i s e  i s  fa v o re d  i n  th e  Im provem ent o f  
m u sc u la r  e n d u ran ce  (Colem an and H odges, 1972; N obel and 
McCraw, 1 9 7 3 ). I t  i s  g e n e r a l ly  a c c e p te d  t h a t  o p tim a l 
g a in s  i n  m u sc u la r  en d u ra n ce  r e s u l t  from  a  h ig h  r e p e t i t i o n ,  
low  r e s i s t a n c e  p ro g ram . How ever, c a r e  m ust be ta k e n  t h a t  
th e  i n t e n s i t y  i s  n o t  to o  low  ( S t u l l  and  C la rk e , 1970). 
E x e rc is e  c o n s i s t in g  o f  p ro lo n g e d  r e p e t i t i o n s  w ith  an  ex­
tr e m e ly  l i g h t  lo a d  on th e  m u sc le s  have l i t t l e  e f f e c t  on 
m u sc u la r  e n d u ran ce  ( H e l le b r a n d t  and H ou tz , 1 9 56 ).
A n aero b ic  Power
The te rm  "m u sc u la r  pow er" h a s  b een  commonly u se d  
to  i n d i c a t e  th e  a b i l i t y  to  r e l e a s e  maximum m u sc u la r  fo rc e  
i n  th e  s h o r t e s t  p o s s ib l e  tim e  ( C la r k e ,  1978)• W ith sp eed  
b e in g  th e  c h i e f  com ponent, t h e r e  i s  c o m p o s ite  i n t e r p l a y  
o f  b o th  m u sc u la r  s t r e n g th  and  e f f i c i e n c y  o f  th e  ATP-CP 
system  (M athews and Fox, 1 9 7 6 ). The m ost common pow er 
t e s t  u se d  i s  th e  v e r t i c a l  jum p, so g e n e r a l l y  th e  l e g s  
have  been  u se d  a s  a  p r im a ry  i n d i c a t i o n  o f  one»s  pow er 
and p o t e n t i a l  ( C la rk e ,  197^h; C o s t i l l ,  197^+)• The recom ­
mended m ethods f o r  pow er developm en t a r e  w e ig h t t r a i n i n g  
and  o th e r  s t r e n g th - s p e e d  r e l a t e d  a c t i v i t i e s ,  f o r  th e  de­
ve lopm en t o f  th e  a n a e ro b ic  m echanism s in v o lv in g  enhanced  
n e u ro m u sc u la r  f u n c t io n  and g r e a t e r  e f f i c i e n c y  o f  th e  ATP- 
ADP m ach in e ry  (A s tra n d  and R o d ah l, 1977; C l a r k e ,1978;
6D eV ries , 1974)* S i g n i f i c a n t  i n c r e a s e s  i n  v e r t i c a l  jump­
in g  a b i l i t y  r e s u l t i n g  from w e ig h t t r a i n i n g  have been  r e ­
p o r te d  ( B a n g e r te r ,  1968; N ess and S h a ro s , 1956; W illia m s ,
19 6 5 ).
I n  a  12 y e a r  p r o j e c t ,  jum ping a b i l i t y  em erged a s  
th e  p rim e  d e te rm in a n t  o f  a t h l e t i c  a b i l i t y  on a  b a t t e r y  
o f  p e rfo rm an c e  t e s t s  f o r  b o th  ju n io r  and s e n io r  h ig h  
s c h o o l aged  boys (C la r k e ,  19 7 1 ). S i m i la r ly ,  th e  v e r t i c a l  
jump was found to  be th e  b e s t  s i n g l e  t e s t  to  p r e d i c t  b a s ­
k e t b a l l  p la y in g  a b i l i t y  i n  e le m e n ta ry  sc h o o l boys ( E v e r e t t ,  
19 5 2 ). C o lle g e  a t h l e t e s  i n  b a s e b a l l ,  b a s k e t b a l l ,  f o o t ­
b a l l ,  g y m n a s tic s , and t r a c k  and f i e l d  were found s u p e r io r  
to  th e  norm al p o p u la t io n  i n  m u sc u la r  power (D iG iovanna , 
19 4 3 ). More r e c e n t l y ,  im provem ents were se en  i n  b o th  
s t r e n g t h  and pow er r e s u l t i n g  from w e ig h t t r a i n i n g  o f  b a s ­
k e t b a l l  team  members (M oulds, C a r te r ,  Coleman and S to n e , 
1979; N ess and  S h a ro s , 1956 ).
Body C om position
Body w e ig h t can  be p a r t i t i o n e d  i n t o  th e  a s s o c i a t e d  
com ponents o f  body f a t  and l e a n  body w e ig h t by e s t im a t io n  
o f  f a t  from s k in  f o ld s  (D u r in , 1974; S lo a n  and W eir, 1970) 
o r  by h y d r o s t a t i c  w e ig h in g  te c h n iq u e s  (B ro z e k , G rande, 
A nderson  and K eys, 1963; K a tc h , M ich ae l and H o rv a th , 1967; 
W ilm ore and B ehnke, 1 9 68 ).
7A n e g a t iv e  r e l a t i o n s h i p  e x i s t s  be tw een  p e r c e n t  f a t  
and maximum a b i l i t y  i n  p e rfo rm in g  m ost p h y s ic a l  s k i l l s  
(C u re to n , H en sley  and T ib u r z i ,  1979)* L ik e w ise , a  low  
p e rc e n t  o f  body f a t  i s  d e s i r o u s  f o r  m ost a t h l e t e s  ( S t r a u s s ,  
1 9 7 9 ) • F o r tu n a te ly ,  body c o m p o s itio n  can  be a l t e r e d  
th ro u g h  t r a in in g *  Some p o s i t i v e  e f f e c t s  from w e ig h t 
t r a i n i n g  have  been  s i g n i f i c a n t  d e c re a s e s  i n  body f a t  and 
i n c r e a s e s  i n  l e a n  body w e ig h t (G ettm en e t  a l . ,  1978)  
even th o u g h  t o t a l  body w e ig h t may i n c r e a s e ,  d e c r e a s e ,  o r  
rem a in  c o n s ta n t  (Mayhew and G ro ss , 1974; W ilm ore, 1974)•
T ra in in g  f re q u e n c y , d u r a t io n ,  and i n t e n s i t y  have 
some d e g re e  o f  i n t e r a c t i o n  a s  th e y  d e te rm in e  th e  e f f e c t  
o f  e x e r c i s e  on body c o m p o s itio n  (M athews and Fox, 1976; 
W ilm ore, 19 7 5 ) • The a l t e r a t i o n  i n  body c o m p o s itio n  i s  
g r e a t e s t  i n  th e  a t h l e t e  whose c o m p e ti t iv e  t r a i n i n g  p ro ­
gram i s  v e ry  i n t e n s e  and l e a s t  i n  th e  s e d e n ta r y  i n d i v i ­
d u a l who h a s  t r a i n e d  l e s s  f r e q u e n t ly ,  f o r  s h o r t e r  p e r ­
i o d s ,  and a t  lo w e r i n t e n s i t i e s  (A s tra n d  and R o d ah l, 1977;  
Mathews and Fox, 1 9 7 6 ) .
G ains i n  m u sc u la r  s t r e n g th  a r e  u s u a l ly  accom panied  
by h y p e r tro p h y  o f  in d iv id u a l  m usc le  f i b e r s  (G o ld b e rg , 
E t l i n g e r ,  G o ld sp in k  and J a b l e c k i ,  1 9 7 5 ). How ever, i n ­
c r e a s e s  i n  m usc le  g i r t h  were f a r  g r e a t e r  i n  m a le s  th a n  
i n  fe m a le s  (Brown and W ilm ore, 1974; S in n in g , 1973; W ilm ore, 
1974; W ilm ore, 1975)* W ith i n a c t i v i t y  and s u b s e q u e n t 
a tro p h y  o f  m usc le  t i s s u e  a n d /o r  i n c r e a s e d  body f a t ,  th e
8s p e c i f i c  g r a v i ty  o f  th e  i n d iv i d u a l  d e c re a s e s  and body 
w e ig h t g r a d u a l ly  r i s e s  (A s tra n d  and R o d ah l, 1977; Mathews 
and Fox, 1976; P o l lo c k ,  C u re to n  and G re n in g e r , 1969)*
P e a k in g  o f  P e rfo rm an ce
Optimum p e rfo rm an ce  a t  a  p a r t i c u l a r  tim e  ra n g e  i n  
a  c o m p e ti t iv e  p e r io d  i s  b e s t  a c h ie v e d  from a  s y s te m iz e d , 
w e ll  p la n n e d  t r a i n i n g  s c h e d u le  (Anonymous, 1975; O z o lin , 
1975; P e tro v s k y , 1975; V olkov , 1975)* R e c o g n itio n  o f  
th e  v a lu e  o f  sucu  «n a p p ro a ch  h a s  b ro u g h t a b o u t a  v a r ­
i e t y  o f  sy s te m s w ith  a  b ro a d  sp ec tru m  o f  o b j e c t i v e s ,  
m ost o f  w hich in v o lv e  m a n ip u la t io n  o f  th e  volum e and 
i n t e n s i t y  o f  e x e r c i s e  d u r in g  s p e c i f i e d  t r a i n i n g  p h a se s  
( F a l l s ,  1968; Mathews and Fox, 1 9 7 6 ) .  D if f e r e n c e s  i n  
o b j e c t i v e s  and s p e c i f i c i t y  o f  t r a i n i n g  le a d  to  d iv e r s e  
p ro g ram s, some to  m axim ize e n d u ran ce  a s  i n  d i s ta n c e  ru n ­
n in g  (B e rg , 1978; B ro o k s, 1978; G ro v es, 1976; J a c o b s , 
1977; J a k a l s k i ,  1 9 7 8 ) ,  and o th e r s  to  d e v e lo p  s t r e n g th  
and power f o r  s p r i n t i n g ,  jum ping , and th ro w in g  e v e n ts  
(D o h e r ty , 1980; G i l l e s p i e ,  1978; J a r v e r ,  1980; P e r r i n ,  
1972; W e rsc h o sh a n sk ij and Semjonow, 1 9 7 3 ) • More sp e ­
c i f i c  p rog ram s have been  u se d  f o r  f o o t b a l l  ( R i le y ,  1978)
and s o c c e r  (G odlk ,  1 9 7 6 ) .
The m a jo r c o n ce rn  o f  th e  fo l lo w in g  d i s c u s s io n  i s  
l i m i t e d  to  g a in s  i n  s t r e n g th  and pow er. C o l l e c t i v e l y ,  
p rogram s aim ed a t  su ch  f a l l  i n to  one o f  two c a t e g o r i e s
9and can  be d e s c r ib e d  a s  t h e o r e t i c a l , b e in g  g e n e r a l ly  w ith ­
o u t  s u p p o r t in g  d a ta ,  o r  l a c k in g  c o n fo rm ity  to  any  sy stem ­
a t i c  e f f o r t  d e s ig n e d  s p e c i f i c a l l y  to  m axim ize p e rfo rm an ce  
a t  a  p re a r r a n g e d  tim e  i n  th e  c o m p e ti t iv e  s e a s o n . However, 
E n g lis h  la n g u a g e  s c i e n t i f i c  l i t e r a t u r e  g e n e r a l ly  i n d i c a t e s  
t h a t  s t r e n g th  g a in s  a r e  m ost e f f i c i e n t l y  b ro u g h t a b o u t 
w ith  t h r e e  s e t s  u s in g  th e  maximum w e ig h t w ith  w hich s i x  
r e p e t i t i o n s  can  be done ( 3 x 6  RM) th r e e  t im e s  p e r  week 
(B e rg e r ,  1962; C la rk e , 1973; Mathews and Fox, 1976; O’ S hea ,
1 9 6 6 ). However, i t  i s  known t h a t  c o m p e ti t iv e  w e i g h t l i f t -  
e r s  r a r e l y  u s e  t h i s  m ethod o f  t r a i n i n g  e s p e c i a l l y  a s  a  
y e a r  ro u n d  p ro g ram . E v id en ce  o f  t h i s  may be  found  i n  a 
d e t a i l e d  e x a m in a tio n  o f  th e  t r a i n i n g  p rog ram s d e s ig n e d  
by E a s te rn  E uropean  w e i g h t l i f t i n g  c o a c h e s , whose a t h l e t e s  
c o n s i s t e n t l y  win i n t e r n a t i o n a l  c o m p e ti t io n s  (M edvedev, 
H odionov, Rogozyan and M elkonyan, 1979; V orobyev, 1978).
Most o f  th e s e  t r a i n i n g  p rog ram s r e l y  on th e  c o n c e p t 
o f  " p e r io d i z a t io n "  f i r s t  exam ined by M atveyev i n  1961 
(M atveyev , 1972; T s c h ie n e , 1973)* A m o d if ie d  v e r s io n  
o f  M atveyev’ s c o n c e p t i s  shown i n  F ig u re  1. T h is  con­
c e p t  o f  p e r i o d i z a t io n  em bodies th e  p r i n c i p l e s  o f  S e ly e ’ s 
G e n era l A d a p ta tio n  Syndrome (GAS), ( I9 7 if ) .  A p p l ic a t io n  
o f  th e  GAS to  p e r i o d i z a t io n  th e o ry  p ro p o se s  t h r e e  p h a se s  
o f  a d a p ta t io n  by th e  body to  demands made on i t  i n  t r a i n ­
in g  ( M i l l e r ,  1975? Garharamer, 1979)• The f i r s t  p h ase  
r e l a t e s  to  th e  i n i t i a l  re s p o n s e  to  a  s t im u lu s .  The
Peaking at most 
important timeVolume 
( quantity )
Intensity 
( quality )
Technique 
( training )
Preparation | 
Phase I
| Competition 
I Phase
first Second Transition
( active rest )Transition
F ig u re  1. M atveyev*s Model o f  P e r io d iz a t io n *
seco n d  p h ase  o f  a d a p ta t io n  c o rre sp o n d s  to  a  p r e p a r a t io n  
p e r io d  i n  t r a i n i n g  when an a t h l e t e ' s  body i s  a d a p t in g  
i n  su c h  a  way a s  to  in c r e a s e  p e rfo rm an ce  p o t e n t i a l .
The t h i r d  p h a se  o f  GAS c o rre sp o n d s  to  o v e r t r a in i n g .
A r e a s o n a b le  p e r i o d i z a t io n  o f  t r a i n i n g  sh o u ld  a v o id  th e  
c o n s ta n t  " p u sh in g "  o f  o n e ' s  body w hich l e a d s  to  c h ro n ic  
f a t i g u e .  An im p o r ta n t  c o n c e p t i n  GAS i s  t h a t  demands 
on th e  body o th e r  th a n  e x e r c i s e  can  c o n t r ib u te  to  o v e r­
t r a i n i n g  i n  much th e  same way a s  e x c e s s iv e  p h y s ic a l  ex­
e r t i o n  d o e s .
As can  be se e n  i n  F ig u re  1 th e  b a s ic  t e n e t  o f  p e r ­
i o d i z a t i o n  i s  a  s h i f t  from  h ig h  volum e and low  i n t e n s i t y  
t r a i n i n g  d u r in g  th e  e a r ly  se a so n  ( p r e p a r a t i o n  p h a se )  to  
an  em phasis on h ig h  i n t e n s i t y  b u t  low  volum e o f  t r a i n i n g  
( c o m p e t i t io n  p h a se )  d u r in g  th e  l a t e  s e a s o n . T echn ique 
t r a i n i n g  a ls o  i n c r e a s e s  d u r in g  t h i s  l a t t e r  p a r t  o f  th e  
s e a s o n . The c o m p e ti t io n  p h a se  i s  fo llo w e d  by a  p e r io d  
o f  " A c tiv e  R e s t"  d u r in g  w hich th e  volum e and i n t e n s i t y  
a r e  b o th  low  and th e  a t h l e t e  t r a i n s  a t  a  r e c r e a t i o n a l  
l e v e l .  P e r io d iz a t io n  i s  a s s o c i a t e d  w ith  3 m a jo r  o b j e c t ­
i v e s  (D ic k , 1975; K ru g e r , 1973):
1.  P r e p a r a t io n  o f  th e  a t h l e t e  to  a c h ie v e  and o p tim a l 
r a t e  o f  im provem ent
2 .  P r e p a r a t io n  to w ard  a  d e f i n i t e  g o a l
3 . P r e p a r a t io n  f o r  th e  m ain c o m p e ti t io n s  a s s o c i a t e d  
w ith  th e  u l t im a te  g o a l .
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In  s e v e r a l  b ra n c h e s  o f  s p o r t ,  m ost n o ta b ly  swimming and 
t r a c k  and f i e l d ,  a t te m p ts  have been  made to  a c c e l e r a t e  
p e rfo rm an c e  im provem ent by e s t a b l i s h i n g  two c o m p e ti t iv e  
s e a s o n s .  T h is  d o u b le  p e r i o d i z a t io n  i s  in te n d e d  to  p ro ­
duce m u l t ip le  p e ak s  i n  p e rfo rm an c e  and e x i s t s  a s  a  v a r ­
i a t i o n  o f  th e  b a s ic  p e r i o d i z a t io n  c o n ce p t (HLck, 1976 ).
T ra in in g  f o r  a  t im e ly  peak  i n  s t r e n g th  p e rfo rm an c e  
h a s  n o t  been  c l e a r l y  u n d e rs to o d  n o r  a d e q u a te ly  docum ented . 
Some p re v io u s  a t te m p ts  a t  s t r e n g th  r e s e a r c h ,  c o n d u c ted  
p r im a r i l y  d u r in g  th e  l a t e  1950*s  and e a r ly  1960 ' s ,  sug­
g e s te d  t h a t  3  x  6 KM was th e  m ost e f f i c i e n t  p r o to c o l  f o r  
s t r e n g th  t r a i n i n g .  However, th e s e  i n v e s t i g a t i o n s  (B e rg e r ,  
1962, 1965; Capen, 1956; M cM orris and E lk in s ,  1975; and 
O 'S h e a , 1966) com pared o n ly  v a r io u s  s e t  and r e p e t i t i o n  
c o m b in a tio n s  and d id  n o t  i n v e s t i g a t e  c o n c e p ts  o f  t r a i n i n g .
I n  o r d e r  to  t e s t  a  t r u e  c o n c e p t o f  p e rfo rm an ce  p e a k in g  
i n  a  s t r e n g th  t r a i n i n g  c o n te x t ,  a  h y p o th e t i c a l  m odel 
o f  t r a i n i n g  was d ev e lo p ed  w hich conform ed to  th e  b a s ic  
t e n e t s  o f  p e r i o d i z a t io n  (S to n e , 1979)•
An im p o r ta n t  o b j e c t i v e  o f  p e r i o d i z a t io n  i s  th e  e a r ly  
developm en t o f  m usc le  h y p e r t ro p h y . H y p e rtro p h y  i s  b e s t  
d ev e lo p ed  by th r e e  s e t s  o f  8 -2 0  HM (MacQueen, 1954; M cM orris 
and E L k in s, 1975; O 'S h e a , 1976, 1966 ; M orehouse and 
M i l l e r ,  1976). E v idence  o f  t h i s  can  be g a in e d  by  o b se rv ­
in g  th e  t r a i n i n g  p rog ram s o f  e l i t e  body b u i l d e r s .  However, 
th e  t r a d i t i o n a l  a p p ro a ch  to  s t r e n g th  t r a i n i n g  (3  x 6 HM)
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c l e a r l y  does n o t  p ro v id e  th e  h ig h  volum e o f  work n e c e s s a ry  
to  p rom ote  e f f i c i e n t  m usc le  g ro w th . On th e  o th e r  h an d , 
p e r i o d i z a t io n  p ro v id e s  an  i n i t i a l  p r e p a r a t i o n  p h a se  o f  
h ig h  volum e and  low  I n t e n s i t y  t r a i n i n g  w hich sh o u ld  p ro ­
duce h y p e r tro p h y  and p re p a re  th e  a t h l e t e  f o r  h ig h e r  i n ­
t e n s i t y  work i n  th e  l a t e r  s e a s o n . T h e re fo re ,  i n i t i a l  
m usc le  h y p e r tro p h y  can  r e s u l t  i n  an enhanced  a b i l i t y  to  
g a in  s t r e n g th  and  pow er (M orehouse and M i l l e r ,  1 9 76 ).
A f te r  h y p e r tro p h y  o c c u r s ,  s t r e n g th  developm en t can  
be a c c e l e r a te d  by u s in g  3 -5  s e t s  o f  2 -6  RM d u r in g  th e  
l a t e r  p a r t  o f  th e  p r e p a r a t i o n  p h a se  (S to n e ,  1979)* F o l­
lo w in g  M atveyev*s c o n c e p t,  s t r e n g th  and  pow er can be 
b ro u g h t to  h ig h e r  l e v e l s  u s in g  3 -5  s e t s  o f  1 -3  r e p e t i t i o n s  
d u r in g  th e  f i r s t  t r a n s i t i o n  and c o m p e ti t io n  p h a s e . The 
t r a i n i n g  fre q u e n c y  may v a ry  from 3  to  6 d ay s d epend ing  
upon i n d iv i d u a l  c h a r a c t e r i s t i c s  o f  th e  a t h l e t e  and th e  
s p o r t  i n  q u e s t io n .
A h y p o th e t i c a l  m odel o f  s t r e n g th  t r a i n i n g  i s  p r e ­
s e n te d  i n  T ab le  1 , W hile t h i s  m odel was l a r g e l y  d ev e lo p ed  
from o b s e r v a t io n  and  e m p ir ic a l  e v id e n c e  (S to n e , 1979)» 
i t  con fo rm s to  th e  b a s ic  c o n c e p t o f  p e r i o d i z a t i o n .
A p r a c t i c a l  a p p l i c a t i o n  o f  t h i s  h y p o th e t i c a l  m odel 
i s  se e n  i n  an  i n i t i a l  o b s e r v a t io n  on  u n p u b lis h e d  d a ta  
by S to n e  C1979)• S ix  n a t i o n a l  c a l i b e r  Olym pic s t y l e  
w e ig h t l i f t e r s  t r a i n e d  f o r  5  m onths p r i o r  to  c o m p e ti t io n .
T ab le  1
H y p o th e tic a l  Model o f  S t r e n g th  T ra in in g  
(A s s o c ia te d  w ith  M atveyev*s P e r io d iz a t io n  M odel)
P r e p a r a t io n  < ^ T r a n s i t i o n ^  C o m p etitio n T r a n s i t io n  2 (A c tiv e  R e st)
P hase H y pertrophy B a s ic  S t r e n g th S tr e n g th  & Power
Peaking*
o r
M ain tenance
S e ts 3 -5 3 -5 3 -5 1-3
Reps 8 -2 0 2 -6 2-3 1-3
Days/Wk 3-k 3 -5 if- 6 1-5
Tim es/Day 1-3 1-3 1-2 1
I n t e n s i t y  C ycle 
(w eeks)**
2 -3 /1 2- V 1 2 -3 /1 -
I n t e n s i t y low h ig h h ig h v e ry  h ig h  to  low
Volume h ig h
m odera te
to
h ig h
low v e ry  low
* P e a k in g  f o r  s p o r t s  w ith  a  d e f i n i t e  c lim ax  o r  m a in ten an ce  f o r  s p o r t s  w ith  lo n g  
s e a s o n s  su ch  a s  f o o t b a l l .
** I n t e n s i t y  C ycle -  r a t i o  o f  th e  number o f  heavy t r a i n i n g  weeks to  l i g h t  t r a i n i n g  
w eeks.
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T hree  l i f t e d  a c c o rd in g  to  th e  p r e v io u s ly  m en tio n ed  m odel 
o f  " p e r i o d i z a t io n "  and th r e e  t r a i n e d  th e  t r a d i t i o n a l l y  
a c c e p te d  th r e e  s e t s  o f  s i x  r e p e t i t i o n s .  M easu res o f  p e r ­
form ance d e te rm in e d  f o r  th e  two Olym pic l i f t s  w ere made 
a t  0 ,  12 wks and 2lf wks. R e s u l ts  i n d i c a t e d  t h a t  th e  g roup  
t r a i n e d  by th e  e x p e r im e n ta l  m odel l i f t e d  more a b s o lu te  
w e ig h t a t  12 and  2^  wks, a s  w e ll  a s  more t o t a l  poundage 
when n o rm a liz e d  f o r  d i f f e r e n c e s  i n  body w e ig h t.
R e se a rc h  H y p o th eses
The fo l lo w in g  r e s e a r c h  h y p o th e s e s  were t e s t e d  
d u r in g  t h i s  s e r i e s  o f  s t u d i e s  and w ere d is c u s s e d  l a t e r  
w ith  e ac h  i n d iv i d u a l  e x p e r im e n t:
1. T ra in in g  u s in g  t r a d i t i o n a l  m ethods w i l l  r e s u l t  
i n  a  s i g n i f i c a n t l y  g r e a t e r  i n c r e a s e  i n  s t r e n g th  and l e g  
power th a n  t r a i n i n g  by th e  t h e o r e t i c a l  m odel d u r in g  th e  
p r e p a r a to r y  p h a s e .
2 . The f i n a l  s t r e n g th  and power g a in s  r e s u l t i n g  
from s h o r t  te rm  t r a i n i n g  w i l l  be g r e a t e r  f o r  th e  th e ­
o r e t i c a l  model th a n  th o s e  o b ta in e d  by t r a d i t i o n a l  means 
( 3 x 6  HM, 3 to  4 days p e r  w eek ).
3 . Those s u b j e c t s  t r a i n i n g  by th e  t h e o r e t i c a l  model 
w i l l  e x p e r ie n c e  g r e a t e r  i n c r e a s e s  i n  l e a n  body m ass and 
more r e d u c t io n  o f  body f a t  d u r in g  th e  p r e p a r a t io n  p h ase  
th a n  th o s e  t r a i n i n g  by t r a d i t i o n a l  m eans.
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4 . T o ta l  body w e ig h t w i l l  re m a in  a p p ro x im a te ly  
th e  same th ro u g h o u t t r a i n i n g  f o r  b o th  t r a d i t i o n a l  and 
t h e o r e t i c a l  m eans, w ith  no s i g n i f i c a n t  d i f f e r e n c e  be­
tw een  groups*
T ra in in g  w i l l  r e s u l t  i n  r e d u c t io n  o f  body f a t ,  
w ith  no s i g n i f i c a n t  d i f f e r e n c e s  betw een  g ro u p s  a t  t e r ­
m in a t io n  o f  th e  e x p e r im e n t.
6 .  I n c r e a s e s  i n  maximum work o u tp u t  w i l l  be accomp­
l i s h e d  by b o th  t h e o r e t i c a l  and t r a d i t i o n a l  m eans, w ith
no s i g n i f i c a n t  d i f f e r e n c e s  betw een  th e  g ro u p s .
7 .  T ra in in g  by b o th  t r a d i t i o n a l  m eans and th e  th e ­
o r e t i c a l  m odel w i l l  r e s u l t  i n  g a in s  o f  a b s o lu te  e n d u ra n c e , 
w ith  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  betw een  
g ro u p s .
8 .  T ra in in g  w i l l  r e s u l t  i n  s i m i l a r  p e rfo rm an ce
on a  p o w e r - f a t ig u e  ta s k  by b o th  t r a d i t i o n a l  and  t h e o r e t ­
i c a l  c o n d i t io n e d  g ro u p s . T here  w i l l  be no s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e s  betw een  th e  g ro u p s .
O p e ra t io n a l  D e f in i t io n s
Terms u se d  h e r e in  a r e  d e f in e d  a s  fo l lo w s :
R e p e t i t io n  Maximum. Maximum am ount o f  w e ig h t l i f t e d  
f o r  a  s p e c i f i e d  num ber o f  r e p e t i t i o n s  ( i . e .  1 EM a s  u se d  
i n  s t r e n g th  t e s t i n g ) .
T ra in in g  F req u en cy .  Days t r a i n e d  p e r  week.
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T ra in in g  I n t e n s i t y - Mean w e ig h t l i f t e d  p e r  r e p e t i ­
t i o n  f o r  a  w orkou t s e s s io n
T ra in in g  Load- Mean v a lu e  com puted f o r  a  w orkout 
s e s s io n  a s  a  f u n c t io n  o f  b o th  volum e and  i n t e n s i t y .
T ra in in g  Volume- T o ta l  r e p e t i t i o n s  p e rfo rm ed  f o r  
a  w orkout s e s s io n .
A ssum ptions
D uring  t h i s  s tu d y  th e  fo l io w in g  a ssu m p tio n s  were
made:
1. Each s u b je c t  p u t  f o r t h  maximum e f f o r t  i n  b o th  
t r a i n i n g  and t e s t i n g  s e s s io n s ,
2 . S u b je c ts  p a r t i c i p a t i n g  i n  t h i s  s tu d y  d id  n o t  
p a r t i c i p a t e  i n  any  o th e r  modes o f  t r a i n i n g ,
3 . S u b je c ts  p a r t i c i p a t i o n  i n  t h i s  s tu d y  underw en t 
no s i g n i f i c a n t  d i e t a r y  m o d if ic a t io n s  d u r in g  t r a i n i n g ,
Jf0 S u b je c ts  had  no e x p e c ta t io n s  c o n c e rn in g  e f f e c t i v e ­
n e s s  o f  th e  d i f f e r e n t  t r e a tm e n ts ,
5* I n i t i a l  l e v e l s  o f  t r a i n i n g  w ere s i m i l a r  f o r  
s u b j e c t s  w i th in  i n d iv id u a l  e x p e r im e n ts ,
6 , S u b je c ts  t r a i n i n g  w ith  w e ig h ts  e x p e r ie n c e  s u p e r io r  
g a in s  i n  s t r e n g th  and  pow er a s  com pared to  th o s e  who do 
n o t  t r a i n ,
7 ,  S t r e n g th  p e rfo rm an c e  s c o r e s  r e f l e c t e d  l e a r n in g  
a s  w e ll  a s  p h y s io lo g ic  a d a p ta t i o n s .
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D e l im i ta t io n s  
1• No d i e t  r e s t r i c t i o n s  were Im posed on s u b j e c t s .
2 . Speed o f  movement was n o t  a  c o n t r o l l e d  f a c t o r  
d u r in g  p e rfo rm an c e  o f  s t r e n g th  t e s t s .
S ig n i f ic a n c e  o f  th e  S tudy  
A g e n e ra l  te n d e n cy  i n  th e  m ethodology  o f  s p o r t s  t r a i n ­
in g  i n  r e c e n t  y e a r s  h a s  b een  to  m ark ed ly  i n c r e a s e  volume 
and i n t e n s i t y  o f  t r a i n i n g  lo a d s  (P e tro v s k y , 1975 ). W hile 
t h i s  i s  t r u e  f o r  m ost s p o r t s ,  i t  i s  p a r t i c u l a r l y  a p p l i c ­
a b le  to  a t h l e t e s  who a re  in v o lv e d  i n  s t r e n g th  t r a i n i n g ,  
b o th  w e ig h t l i f t e r s  and th e  o th e r s  who u se  w e ig h t t r a i n i n g  
a s  a  su p p le m e n ta ry  c o n d i t io n in g  a c t i v i t y .  I t  i s  p ro b a b le  
t h a t  t h i s  i s  one o f  th e  e le m e n ts  r e s p o n s ib le  f o r  th e  con­
t in u e d  in c r e a s e d  q u a l i t y  o f  s p o r t s  p e rfo rm a n c e . However, 
t h e r e  a r e  l i m i t s  to  th e  a d a p t a b i l i t y  o f  th e  human o rg an ism  
and th e r e  i s  a  v e ry  r e a l  d a n g e r o f  c o ac h es  and t r a i n e r s  
f a l l i n g  i n to  an " I f  a  l o t  o f  work i s  good, more m ust be 
b e t t e r ! "  p a t t e r n  o f  th in k in g .  U n d e rs ta n d in g  o f  th e  t h i r d  
p h ase  o f  S e l y e 's  (l97*f) G en era l A d a p ta tio n  Syndrom e, ex­
h a u s t io n ,  c o u ld  do much to w a rd s  m in im iz in g  th e  o c c u rre n c e  
o f  o v e r t r a in i n g .
A ta s k  o f  th e  coach  i s  to  s e e  t h a t  h i s  a t h l e t e s  a re  
s t r e s s e d  by a s  much c o n d i t io n in g  work a s  th e y  can  r e a d i l y  
a d a p t  to  w ith o u t s u f f e r in g  from o v e r t r a in i n g  (Garham m er, 
1979)* One r o u te  tow ard  a ch iev em en t o f  t h i s  end i s  to
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l e a r n  to  m o n ito r  p o t e n t i a l  i n d ic e s  o f  o v e r t r a in i n g .
A n o th er i s  to  o p t im iz e  p e rfo rm an c e  a t  v e ry  s p e c i f i c  t im e s  
i n  th e  s p o r t  s e a so n  ( t o  peak  f o r  c h am p io n sh ip s) by m anip­
u l a t i n g  i n t e n s i t y  and volume o f  t r a i n i n g  s c i e n t i f i c a l l y ,  
a c c o rd in g  to  th e  b o d y 's  a b i l i t y  to  a d a p t .  The t h e o r e t i c a l  
b a s i s  h a s  been  l a i d  by M a tv ey e v 's  (1972) s tu d y  o f  t r a i n i n g  
p rog ram s o f  e l i t e  a t h l e t e s .  I f ,  th ro u g h  th e s e  e x p e r im e n ts , 
t h a t  th e o ry  c o u ld  be  v a l i d a t e d ,  among th e  b e n e f i t s  would 
be an  im proved  e f f i c i e n c y  o f  e f f o r t  i n  t r a i n i n g ;  a v o id a n ce  
o f  th e  f a t i g u e ,  i n j u r i e s ,  and m en ta l s t a l e n e s s  o f  o v e r ­
t r a i n i n g ;  and o p tim iz e d  g o a l a c h ie v e m e n t. B a th e r  th a n  
th e  sm a ll  g a in s  g e n e r a l ly  o b ta in e d  by s u c c e s s f u l  r e v o lu ­
t io n a r y  t r a i n i n g  m eth o d s, i t  i s  f e l t  t h a t  t h e r e  i s  g r e a t  
p o t e n t i a l  b e n e f i t  i n  a p p l i c a t i o n  o f  p e r i o d i z a t io n  th e o ry  
i f  in d e e d  i t  p ro v e s  to  be  v a l i d .  The p o s s ib l e  v a lu e  o f  
t h i s  h y p o th e t i c a l  m odel o f  t r a i n i n g  j u s t i f i e s  t h i s  in v e s ­
t i g a t i o n  o f  p e r i o d i z a t io n  th e o r y .
CHAPTER I I
METHODOLOGY
The p u rp o se  o f  t h i s  i n v e s t i g a t i o n  was to  d e v e lo p  and 
v a l i d a t e  a  t h e o r e t i c a l  t r a i n i n g  model f o r  s t r e n g th  and 
power and to  p r e s e n t  s u p p o r t in g  d a ta  from a  s p e c i f i c a l l y  
c o n s t r u c te d  s e r i e s  o f  e x p e r im e n ts .
S u b je c ts
D ata  w ere c o l l e c t e d  on h e a l th y  v o lu n te e r  s u b j e c t s  
from b e g in n in g  w e ig h t l i f t i n g  c l a s s e s  and from  h ig h  sc h o o l 
f o o t b a l l  and s o f t b a l l  team s (T a b le  2 ) .  A f te r  s ig n in g  i n ­
form ed c o n s e n t s t a te m e n ts ,  th e  s u b j e c t s  a g re e d  to  a b s t a in  
from any a d d i t i o n a l  form  o f  t r a i n i n g  f o r  th e  d u r a t io n  o f  
th e  s tu d y .  Each was random ly  a s s ig n e d  to  e i t h e r  an  e x p e r i ­
m e n ta l g roup  w hich was to  fo l lo w  a  t h e o r e t i c a l  m odel, o r  
to  a c o n t r o l  g roup  w hich t r a i n e d  i n  th e  t r a d i t i o n a l  m anner. 
D ata  w ere p o o led  f o r  E x p erim en t 8 and in c lu d e d  h ig h  sc h o o l 
and c o l le g e  aged  m a les  who p a r t i c i p a t e d  i n  E x p e rim e n ts  2 ,
3 , and 6 (T a b le  3)«
D ata C o l le c t io n
S t r e n g th .  At th e  o n s e t  o f  each  e x p e r im e n t, s u b j e c t s  
w ere g iv e n  i n s t r u c t i o n  and a d e q u a te  p r a c t i c e  to  a c q u i r e  
p r o f i c i e n t  te c h n iq u e  i n  e x e c u tio n  o f  i n i t i a l  s t r e n g t h  mea­
s u r e s .  M easu res f o r  dynam ic l e g  and h ip  s t r e n g th  were de­
te rm in e d  i n  E x p erim en ts  1-7 by p e rfo rm an c e  o f  1 RM p a r a l l e l
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T ab le  2
B io m e tr ic  D ata Group Means and S ta n d a rd  D e v ia tio n s
E xperim en t Group Age( y r s )
H e ig h t
(cm)
W eight
(k g )
1
T h e o r e t ic a l  
n=11
X
SD
19.6
± 1 .6
177 .3
± 5 .0
74 .1
± 1 1 .2
T r a d i t i o n a l
n=8
X
SD
1 9 .3
± 1 .5
178 .4
± 5 .4
76 .1
± 1 1 .2
o
T h e o r e t ic a l  
n=11
X
SD
2 0 .5
+ 3 .2
176.7
± 6 .5
7 3 .5  
+ 6 .2
C. T r a d i t i o n a l  
n= 14
X
SD
1 9 .2
± 1 .5
176 .5
± 5 .0
7 5 .3  
± 9 .6
T h e o r e t i c a l  
(E i)  n = 11
5
SD
15.8
+ 0 .8
174 .4
± 5 .0
" " 7 i " . T  “
± 1 .6
3 T h e o r e t i c a l  (E 2 ) n=10
X
SD
15.8  
+ 1.1
171.1 
± 6 . 2
6 7 .9  
± 1 .6
T r a d i t i o n a l  
(C) n = 10
X
SD
1 6 .0
± 3 .0
172 .3
+ 6 .9
73 .1  
± 1 .6
T h e o r e t ic a l  
n= 10
X
SD
15.9
± 1 .3
161.4
+ 6 .3
57 .1  
+ 1 .0
4 T r a d i t i o n a l  
n= 10
X
SD
16.3
± 0 .8
1 6 1 .6
± 4 .0
5 6 .4  
+ 1 .0
T h e o r e t i c a l
n= l8
X
SD
19.9 
+ 1 .4
179.6
± 3 .6
7 5 .9
± 1 0 .4
5 T r a d i t i o n a l
n=21
5
SD
19.8
± 1 .9
177.5
± 5 .7
7 5 .4
± 1 0 .4
T h e o r e t i c a l
n=46
X
SD
19.1
± 1 .2
178 .3
± 4 .7
75 .1
± 1 1 .6
b T r a d i t i o n a l
n=44
X
SD
19.1
± 1 .6
177 .5
± 5 .6
7 6 .0
± 1 1 .6
T h e o r e t ic a l  
(E i)  n=3l
X
SD
19.9
± 1 .4
175 .5
± 5 .3
7 3 .8
± 1 1 .9
7 s
(m a le s )
T h e o r e t ic a l  
(E2 ) n=27
X
SD
19.7
± 1 .8
17W
± 5 .4
7 1 .9
± 1 2 .2
T r a d i t i o n a l  
(C) n=36
X
SD
19 .3
± 1 .3
180.1
± 5 .0
7 6 .9
± 1 1 .8
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T ab le  2 
( c o n t in u e d )
E xperim en t Group Age( y r s )
H e ig h t
(cm)
W eight
(kg )
7
( fe m a le s )
T h e o r e t ic a l  
n= 15
Ti 2 0 ,7  
SD: ± 2 .2
164 .3
± 6 .6
5 5 .5  
1 6 .9
T r a d i t i o n a l  
n= 10
x: 1 9 .5  
SD: + 1 .3
165.1
1 4 .3
5 7 .7  
± 6 .9
T ab le  3
E x p erim en t 8 Group Means and S ta n d a rd  
D e v ia t io n s  f o r  S e le c te d  V a r ia b le s  (m odel d a ta  s e t :  n  = 55)
Age H e ig h t BWT VJ SQ LBW 
p ( y r s )  (cm) (k g ) (cm) (k g ) (kg )
H igh G a in e rs  
(YDO n= 19
x:
SD:
17.1
+ 3 .6
173 .32
± 6 .2 2
7 0 .2 5
± 7 .79
52 .1
± 7 .7
111.59
± 18 .10
5 6 .6 8
± 5 .3 4
Low G a in e rs  
(YD2) n=39
x:
SD:
17.9
1 2 .2
175 .95
±6 .4 1
7 4 .1 6
1 9 .3 9
5 3 .0
1 6 .3
109.21
120 .41
6 1 .8 8
1 7 .8 5
N o te : Group u se d  f o r  m odel s e t ,  num bered 55 s u b j e c t s  w ith
a  mean and s ta n d a r d  d e v ia t io n  f o r  s p e c i f i c  pow er 
g a in  o f  13*398 k g -m /sec  and 5 .6 4 5  k g -m /sec  
r e s p e c t i v e l y .
s q u a t  w here th e  bo ttom  o f  th e  t h ig h  m ust r e a c h  a  h o r i z o n ta l  
p o s i t i o n .  S i m i la r ly ,  arm and s h o u ld e r  s t r e n g th  was mea­
s u re d  i n  E x p erim e n ts  3 -7  from  1 HM b en ch  p r e s s  e x e c u te d  i n  
th e  c o n v e n t io n a l  m an n er. I n  a d d i t i o n ,  E x p erim en t 3 in c lu d e d
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a  m easu re  o f  m u sc u la r  s t r e n g th  f o r  th e  s h o u ld e r s  and back  
a s  w e ll  a s  th e  l e g s  was d e te rm in e d  by e x e c u tio n  o f  a  1 KM 
pow er c le a n *  T h is  pow er c le a n  c o n s i s t s  o f  a  v ig o ro u s  
p u l l i n g  a c t io n  b e g in n in g  w ith  th e  lo a d e d  b a r  on th e  f l o o r  
and e n d in g  w ith  th e  b a r  i n  a  r e s t i n g  p o s i t i o n  on th e  s h o u l­
d e r s .  Such a  l i f t  i s  s i m i l a r  to  t h a t  r e q u i r e d  i n  c o m p e ti­
t i v e  O lym pic w e ig h t l i f t i n g  w here th e  w e ig h t m ust be  c le a n ­
ed a s  done d u r in g  th e  c le a n  and j e r k .  The pow er c le a n  i s  
in te n d e d  to  c lo s e l y  a p p ro x im a te  th e  m ech an ics  and  m u sc le s  
u se d  d u r in g  th e  c le a n  p u l l  e x e r c i s e s  r e q u i r e d  i n  t r a i n i n g  
and t h e r e f o r e  sh o u ld  m easu re  s t r e n g th  g a in s  s p e c i f i c  to  
t h a t  e x e r c i s e .  S u f f i c i e n t  r e s t  was g iv e n  be tw een  e x e r c i s e s  
to  i n s u r e  a  maximum e f f o r t .  Care was ta k e n  d u r in g  th e  
s t r e n g th  m easu rem en ts to  i n s u r e  t h a t  p ro p e r  te c h n iq u e  was 
m a in ta in e d .  Such 1 KM t e s t s  have b een  th e  p r e f e r r e d  mea­
s u re  o f  dynamic s t r e n g th  (B e rg e r  and H a r r i s ,  1966; O 'S h ea , 
1966; W ilm ore, 1979; 1977; W ith e rs , 1 9 7 0 ), p a r t i c u l a r l y  i f  
i s o k i n e t i c  d e v ic e s  a r e  n o t  a v a i l a b l e .  Some have p ro p o se d  
v a r i a t i o n s  i n  day to  day m easu re s  o f  110 to  20% (A s tra n d  
and K odah l, 1 9 7 7 ), a l th o u g h  o t h e r s  have  r e p o r t e d  s m a l le r  
v a r i a b i l i t y  i n  b o th  fe m a le s  ( 1 .5  to  11*6%) and  m ales (5*3  to  
9.3%) (D e V rie s , 197*t)* In  o r d e r  to  m in im ize  v a r i a t i o n  w hich 
c o u ld  r e s u l t  from  a c u te  a d a p ta t io n s  i n  th e  n e u ro m u sc u la r  
a p p a r a tu s  (A s tra n d  and K odah l, 1977) s u b j e c t s  p e rfo rm ed  a  
s e r i e s  o f  i n c r e a s in g l y  i n t e n s e  warmup l i f t s  l e a d in g  to  th e  
1 KM a t t e m p ts .
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Pow er. A n aero b ic  pow er was d e te rm in e d  i n  E x p erim en ts  
1-7 u s in g  a  v e r t i c a l  jump (V J) p ro c e d u re  and th e  Lew is f o r ­
m ula: power = ^ 4 , 9  x body w e ig h t (k g ) x*VVJ(M) (Mathews
and Fox, 1976 ). A f te r  a  b r i e f  warmup and two p r a c t i c e  
jum ps, each  s u b je c t  was g iv e n  th r e e  t r i a l s  f o r  th e  VJ 
and th e  b e s t  s c o re  was u se d  f o r  d a ta  a n a l y s i s .  The VJ 
was p e rfo rm ed  im m e d ia te ly  b e fo r e  m ea su rin g  th e  s q u a t .
I n  a d d i t i o n ,  body w e ig h t was m easured  u s in g  a  H e a lth -O - 
M eter b a r  b a la n c e  m ed ica l s c a l e .
Body c o m p o s it io n . Lean body w e ig h t and p e rc e n ta g e  
o f  body f a t  were d e te rm in e d  from d a ta  o b ta in e d  by e i t h e r  
h y d r o s t a t i c  w eigh ing  o r  e s t im a te d  from  s k in  f o ld s  (F ig u re  
2 ) .  H y d ro s ta t ic  w eigh ing  was u sed  i n  E x p erim en ts  1, 2 , 
and 6 w h ile  i n  3> 4* 5» 6 , and 7 s k in f o ld s  w ere em ployed.
M u scu la r e n d u ra n c e . R e la t iv e  l o c a l  m usc le  en d u ran ce  
o f  th e  l e g s  was d e te rm in e d  i n  E xperim en t 3 "by th e  maximum 
number o f  r e p e t i t i o n s  p e rfo rm ed  d u r in g  one s e t  o f  p a r a l l e l  
s q u a t s .  A f te r  an  i n i t i a l  warmup and r e s t ,  each  s u b je c t  
was a sk ed  to  p a r a l l e l  s q u a t  a s  many r e p e t i t i o n s  a s  p o s­
s i b l e  w ith  th e  b a r  lo a d e d  to  80% o f  th e  p r e v io u s ly  e s ­
t a b l i s h e d  1 HM. To in s u r e  maximum e f f o r t s ,  th e  80% HM 
was m easured  on th e  second  day o f  a  two day s e s s io n  w h ile  
th e  1 RM p a r a l l e l  s q u a t  was p e rfo rm ed  on th e  p re v io u s  day . 
The i n i t i a l  80% maximum lo a d ,  once e s t a b l i s h e d ,  was k e p t  
c o n s ta n t  on a l l  su b se q u e n t t e s t s .
I ,  H y d ro s ta t ic  W eighing T ec h n iq u e s :
% F a t  = ( 4 . 5 7 0 /D e n s ity  -  4 .1 4 2 )  x  100*
II. S k in  F o ld s : (Men) S k in  F o ld s : (Women)
T r lc e p  — 1 \ S u p r a i l i a c
s i t e sS u b s c a p u la r -A  s i t e s  ** T r ic e p  ------
S u p r a i l i a c  —/
«#*
* K atch , M ic h a e l, and  H o rv a th -  1967 and  m o d if ie d  by Wilmore and B ehnke- 
1968 w ith  su b se q u e n t a p p l i c a t i o n  o f  s p e c i f i c  g r a v i t y  and d e n s i ty  
e q u a t io n s  a f t e r  B ro zek , G rande, A nderson and K e y s , 1963
**A dapted  from : P e r s o n a l  com m unication  from  J .V .G .A . and D urn in  to  J .E .  
M errim an . M o d if ic a t io n  o f  D ata  from : D u rn in , J .V .G .A . and M.M.
Rah am a n , B r . j .  N u tr . 21,: 6 8 1, 1967. (A p p earin g  i n  NEHDP. Manual
o f  O p e r a t io n s . 1974)
* * * S lo an , A. W. and W eir, J .  B. DeV. Nomograms f o r  p r e d i c t i o n  o f  body den­
s i t y  and  t o t a l  body f a t  from s k in f o ld  m easu rem en ts . J o u r n a l  o f  A p p lied  
P h y s io lo g y . 1970, 221-222 .
F ig u re  2 . Body C o m p o sitio n .
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Work o u tp u t .  Maximum work o u tp u t  was d e te rm in e d  
i n  E x p erim en t 6 by a  p r o g r e s s iv e  c y c le  t e s t .  Each sub ­
j e c t  p e d a le d  a  Monark l e g  e rg o m e te r  a t  60 rpm u n t i l  v o l ­
u n ta r y  t e r m in a t io n  o r  u n t i l  p ro p e r  cadence  c o u ld  no lo n g e r  
b e  m a in ta in e d . Each r i d e  began  w ith  a  3 m in u te  warmup 
a t  1 kp lo a d  fo llo w e d  by 1 m in u te  s ta g e s  w ith  i n c r e a s e s  
o f  £  kp  in c re m e n ts  each  m in u te  u n t i l  t e r m in a t io n  c r i t e r i a  
was m e t. R e s is ta n c e  v a lu e s  w ere re c o rd e d  f o r  th e  l a s t  
s t a g e  co m p le ted  by each  i n d iv i d u a l  and  w ere u se d  to  de­
te rm in e  th e  r e s p e c t iv e  maximum work o u tp u ts .
V e r t i c a l  -lump d e c rem e n t. A v e r t i c a l  jump p ro c e d u re  
was u se d  i n  E xperim en t 6 to  e v a lu a te  th e  e f f e c t  o f  f a ­
t i g u e  on b a l l i s t i c  p e rfo rm a n c e . A s e r i e s  o f  f i v e  v e r ­
t i c a l  jumps was e x e c u te d  su b se q u e n t to  th e  te r m in a t io n  
o f  th e  p r o g r e s s iv e  c y c le  t e s t  and im m e d ia te ly  fo l lo w in g  
a  warmdown and  r e s t .  Im m e d ia te ly  a f t e r  t e r m in a t io n  o f  
th e  c y c le  r i d e ,  each  s u b je c t  ro d e  an  a d d i t i o n a l  60 s e c ­
onds a t  1 kp lo a d  p r i o r  to  30 se co n d s  r e s t .  F o llo w in g  
th e  p r e c i s e l y  tim e d  warmdown and  r e s t  i n t e r v a l ,  e ach  sub ­
j e c t  im m e d ia te ly  e x e c u te d  a  s e r i e s  o f  f iv e  v e r t i c a l  jum ps. 
Each jump was r e c o rd e d  to  a c h ie v e  maximum a s  w e ll  a s  
a v e ra g e  v a lu e s  and  com pared to  v a lu e s  o b ta in e d  d u r in g  
a  p r e t e s t .  M easu res  o f  f a t i g u e  w ere r e p r e s e n te d  a s  dec­
re m e n ts  i n  th e  v e r t i c a l  jump p e rfo rm an c e  o f  b o th  an  av­
e ra g e  and maximum f o r  each  s u b j e c t .
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T e s t  p e r io d s .  D ata  w ere c o l l e c t e d  a t  v a r io u s  i n t e r ­
v a l s  o v e r  p e r io d s  o f  tim e  from  6 to  1 if weeks (T a b le  if ) .
T ab le  if
T e s t in g  P e r io d s  f o r  E x p erim en ts  1-7
E xperim en t T e s ts  a d m in is te r e d  a f t e r  weeks
t o , 3 , and 6
2 0 , k , 8 , and 11
3 0 , 3 , 7 , 10, 12, and 14
4 0 , 3 , and 6
5 0 , 3 , 5 , and 6
6 0 , 8 ,  and 11
7 0 , i . 2 , 3 , 4» 5 , and  6
T ra in in g  P ro £ £ M £
F req u en cy .  S u b je c ts  i n  E x p erim en ts  1, 2 , 5> 6 , and 
7 t r a i n e d  t h r e e  days p e r  week, w h ile  th o s e  i n  E x p erim en ts  
3 and if t r a i n e d  fo u r  t im e s  each  week (T a b le  5)*
E x e r c is e s .  A ll  s u b j e c t s  i n  a l l  g ro u p s  w ere r e q u i r e d  
to  warm up w ith  l i g h t  and th e n  m o d era te  w e ig h ts  a t  th e  
b e g in n in g  o f  each  e x e r c i s e .  E x e rc is e s  w ere s e l e c te d  on 
th e  b a s i s  o f  t h e i r  o v e r a l l  c o n t r ib u t io n  i n  th e  c o n d i t io n ­
in g  o f  th e  m ajo r m u sc le s  and  on th e  b a s i s  o f  t h e i r  s p e -
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c i f i c i t y  to  th e  p h y s io lo g ic  p a ra m e te rs  t e s t e d .  S p e c ia l  
em phasis  was p la c e d  on m u l t ip le  j o i n t  movements o f  th e  
l e g  and h ip  e x te n s o r s  (T a b le  5 ) .
T ab le  5
E x e rc is e s  Used i n  T ra in in g  P rogram s
E x p erim en ts  1 -2
Monday & F r id a y
1. p a r a l l e l  s q u a ts
2 . l e g  c u r l s  (1 s e t )
3 .  bench  p r e s s
Wednesday
1. c le a n  p u l l s  (from  m id - th ig h )
2 . c le a n  p u l l s  (from  f lo o r )
3 . s h o u ld e r  sh ru g s
4 . b e h in d  neck p r e s s
E x p erim en ts  3 -4
Monday & T hursday Tuesday & F r id a y
1• p a r a l l e l  s q u a ts 1. c le a n  p u l l s  (from f l o o r )
2 . bench  p r e s s 2 . c le a n  p u l l s  (from  m id - th ig h )
E x p erim en ts  5 -7
Monday & F r id a y
1. p a r a l l e l  s q u a ts
2 . bench  p r e s s
3# h y p e re x te n s io n s
4 . s i t - u p s
Wednesday
1. c le a n  p u l l s  (from  f lo o r )
2 . c le a n  p u l l s  (from  m id - th ig h )
3 . s h o u ld e r  s h ru g s  
4* b e h in d  neck  p r e s s  
5* s i t - u p s
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P r o to c o ls .  The t r a d i t i o n a l  g roup  i n  each  e x p e rim e n t 
t r a i n e d  by u s in g  th e  maximum w e ig h t w ith  w hich th r e e  s e t s  
o f  s i x  r e p e t i t i o n s  (3  x 6 ) c o u ld  be  done (T a b le  6 ) .  S e ts  
and r e p e t i t i o n s  w ere m a n ip u la te d  f o r  th e  v a r io u s  t h e o r e t ­
i c a l  g ro u p s , s e e k in g  o p tim a l a p p ro a c h e s  f o r  p e a k in g . D ata 
from E x p erim en ts  2 , 3 , and  6 were p o o le d  f o r  E xperim en t 8#
D ata  A n a ly s is
E xperim en t 1.  D ata  w ere a n a ly z e d  u s in g  ANOVA, im p le ­
m en tin g  a  2 (g ro u p s )  x  3 ( t e s t  p e r io d s )  f a c t o r i a l  d e s ig n .  
D u n can 's  m u l t ip le  ra n g e  t e s t  was u se d  to  d e te rm in e  th e  
l o c a t i o n  d i f f e r e n c e s .
E x p erim en t 2 .  D ata  w ere a n a ly z e d  u s in g  a  2 (g ro u p s )  
x 4. ( t e s t  p e r io d s )  ANOVA. The c o m p le te ly  random ized  d e s ig n  
u t i l i z e d  a  s p l i t  p l o t  a rra n g e m e n t o f  t r e a tm e n ts  w ith  th e  
g ro u p s  on th e  m ain p l o t  and th e  t e s t  p e r io d s  on th e  s p l i t  
p l o t .  A fo llo w -u p  t e s t  w ith  s in g l e  d e g re e  o f  freed o m , con­
t r a s t  s ta te m e n ts  was u se d  to  d e te rm in e  d i f f e r e n c e s  be tw een  
g ro u p s .
E xperim en t 3 -7 .  D ata  w ere a n a ly z e d  u s in g  a  c o m p le te ly  
ran d o m ized  d e s ig n  g roup  by t e s t  ANOVA w ith  r e p e a te d  m easu res  
on th e  l a s t  f a c t o r ,  A fo llo w -u p  t e s t  w ith  s i n g l e  d e g re e  o f  
freedom , c o n t r a s t  s ta te m e n ts  was u se d  to  d e te rm in e  d i f f e r ­
e n c e s  be tw een  g ro u p s .
E x p erim en t 8 .  A p r e - p o s t  t e s t  f o r  pow er was g iv e n  and 
s u b j e c t s  w ere d ic h o to m iz e d  i n t o  2 g ro u p s  (YD), a s  to  low
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T ab le  6 
T ra in in g  P r o to c o ls
E xperim en t 1
Group 3wks
4 th  5 th  6 th  
wk wk wk
T h e o r e t i c a l 5x10 5x5 3x3 3x2
T r a d i t i o n a l 3x6 3x6 3x6 3x6
E xperim en t 2
Group 4wks
4
wks
3
wks
T h e o r e t ic a l 5x10 , 5x5 n ( 1x10)*
3x2
(1x5)*
T r a d i t i o n a l 3x6 3x6 3x6
E x p erim en t 3
Group 3wks
4
wks
3
inks
2
wks
2
wks
T h e o r e t ic a l
(E l) 5x10
5x5
(1x 1 0 )*
3x3
(1x5 )*
3x2
(1 x 5 )*
d e t r a in
T h e o r e t i c a l
( e 2 ) 5x10 ,  3x^  (1x10)* (3x5 )*
3x2
(3x5 )*
d e t r a i n
T r a d i t i o n a l
(C) 3x6 3x6 3x6 3x6 d e t r a in
E xperim en t 4
Group 3wks
1
wk
1
wk
1
wk
T h e o r e t ic a l 5x10 5x5(1x10)*
,3 x 3
(1 x 5 )*
3x2
(1 x 5 )*
T r a d i t i o n a l 3x6 3x6 3x6 3x6
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T ab le  6 
( c o n tin u e d )
E xperim en t 5
Group 3wks
2
wks
1
wk
T h e o r e t ic a l 5x10 ,  3x5 n ( 1x10)**
3x2
(1x5)***
T r a d i t i o n a l 3x6 3x6 3x6
E xperim en t 6
Group k wk s
k
wks
3
wks
T h e o r e t ic a l 5x10 (1x10)**
3x2
(1x10)***
T r a d i t i o n a l 3x6 3x6 3x6
E xperim en t 7
Group
(m a le s )
3 wks 2 wks 1 wk
1 wk 1 wk 1 vie 1 wk 1 wk 1 wk
T h e o r e t ic a l
(E O 5x10 (1x10)**
3x2
(1x10)*** 5x10
3x5
(1x10)**
3x2
(1x10)***
T h e o r e t ic a l
(E 2 ) 5x10
3x5
(1x10)**
3x2
(1x10)***
T r a d i t i o n a l
(C) 3x6 3x6 3x6
E x p erim en t 7
Group 3 2 1
( fe m a le s ) wks wks wk
T h e o r e t ic a l 5x10 , 3x5x(1x10)*
3x2
(1x10)**
T r a d i t i o n a l 3x6 3x6 3x6
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T ab le  6 
( c o n t in u e d )
E xperim en t 8
(p o o le d  d a ta )
3 -4
wks
4
wks
K'* CQ
T h e o r e t ic a l
G roups
5x 10 3 x2 -3( 1- 3x5 - 10)*
N o te : Numbers i n  p a r e n th e s e s  r e p r e s e n t  a  fo llo w -u p  s e t
w ith  " l i g h t e r "  w e ig h t* , w ith  70% o f  o r i g i n a l  max­
imum**, o r  w ith  75% o f  o r i g i n a l  maximum*** f o r  
e ac h  s u b j e c t .
g a in e r s  ( l e s s  th a n  8 .0 0 0  k g -m /se c  g a in  i n  p o w e r) , and  h ig h  
g a in e r s ,  ( g r e a t e r  th a n  o r  e q u a l to  8 .0 0 0  k g -m /se c  g a in  i n  
p o w e r) . T h is  c u t o f f  v a lu e  was u se d  b e c a u se  i t  c h a r a c t e r i z e d  
a  n a t u r a l  b re a k  i n  th e  d a ta .
D is c r im in a n t  a n a l y s i s  u s in g  55 random ly  s e l e c t e d  i n ­
d iv id u a l s  was em ployed to  i d e n t i f y  g roup  d i f f e r e n c e s  and 
p ro v id e  a  s c a l i n g  m odel w ith  f u n c t io n s  t h a t  m axim ize group  
d i f f e r e n c e s .  C l a s s i f i c a t i o n  p ro c e d u re s  em ploy ing  th e  r e ­
m a in in g  25 s u b j e c t s  were u se d  to  v a l i d a t e  th e  m o d el. T h is  
h o ld o u t  sam ple  was u se d  to  d e te rm in e  w h e th e r th e  p o te n t i e d  
f o r  h ig h  o r  low  g a in  o f  pow er c o u ld  be p r e d i c t e d .
T ra in in g  l o a d s .  I n  E x p erim en t 6 ,  d a i l y  w orkou t d a ta  
f o r  th e  p a r a l l e l  s q u a t  w ere r e c o rd e d  and  s u b s e q u e n t ly  u se d
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to  p l o t  volum es and i n t e n s i t i e s  by g ro u p . T o ta l  work was 
a ls o  c a l c u l a t e d  f o r  each  g ro u p . D i f f e r e n c e s  b e tw een  means 
o f  t h e o r e t i c a l  and  t r a d i t i o n a l  g ro u p s  w ere e v a lu a te d  f o r  
s i g n i f i c a n c e  by t - t e s t .
C r i t e r io n  f o r  s i g n i f i c a n c e .  F o r d e te rm in a t io n  o f  s i g ­
n i f i c a n c e  i n  a l l  e x p e r im e n ts  an  a lp h a  l e v e l  o f  P < * 0 5  was 
em ployed .
CHAPTER I I I
RESULTS AND DISCUSSION 
E xperim en t 1
T h is  e x p e rim e n t was d e s ig n e d  to  t e s t  th e  c o n c e p t o f  
p e r i o d i z a t io n  on a  s h o r t  te rra  b a s i s  (6  w eeks) by com par­
in g  th e  t h e o r e t i c a l  model to  th e  t r a d i t i o n a l  program  i n  
w hich th r e e  s e t s  o f  s i x  r e p e t i t i o n s  were u se d  th ro u g h o u t.
Body C om position
H y p ertro p h y  p h a se .  The h ig h  volum e, low  i n t e n s i t y  
t r a i n i n g  o f  th e  t h e o r e t i c a l  g roup  o v e r  th e  f i r s t  3 weeks 
b ro u g h t a b o u t s i g n i f i c a n t l y  g r e a t e r  in c r e a s e s  i n  LBW and 
d e c r e a s e s  i n  p e r c e n t  f a t  (F ig u r e s  3 and i f ) .  C o n s id e ra t io n s  
o f  th e  l a r g e  d i f f e r e n c e  i n  t o t a l  work done by th e  two 
g ro u p s  and th e  e m p ir ic a l  e v id e n c e  o f  body b u i l d e r s '  s i m i l a r  
s u c c e s s  w ith  h ig h  volum e t r a i n i n g  make th e s e  ch an g es  i n  
body c o m p o s itio n  an  e x p e c te d  f in d in g .  An in c r e a s e  i n  mus­
c le  m ass can be i n f e r r e d  from th e  g r e a t e r  LBV/. B ecause 
m usc le  i s  a  m e ta b o l i c a l ly  a c t i v e  t i s s u e ,  even  w ith o u t th e  
in c r e a s e d  c a l o r i e  c o s t  o f  th e  h ig h e r  volum e w ork, m eta­
b o l ic  tu rn o v e r  i s  g r e a t e r  f o r  any l e v e l  o f  a c t i v i t y  and 
c o u ld  c o n t r i b u te  to  th e  l o s s  o f  body f a t .
P e a k in g  (6  w ks). A lth o u g h  th e  volume o f  work done 
by th e  t h e o r e t i c a l  g ro u p  dropped  o v e r  th e  seco n d  3 * k s , 
th e  i n f e r i o r i t y  o f  th e  t r a d i t i o n a l  m ethod was m a in ta in e d
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(F ig u re s  3 and W ith th e  t r a d i t i o n a l  g ro u p  u s in g
tw ic e  a s  many r e p e t i t i o n s  i n  th e  3 th  week and  th r e e  t im e s  
a s  many i n  th e  6 th ,  i t  would be e x p e c te d  t h a t  m e ta b o lic  
c o s t s  would be ro u g h ly  p r o p o r t io n a te .  W hether an  advan­
ta g e  by th e  t h e o r e t i c a l  g roup  o f  a b o u t 2 kg  LBW c o u ld  
com pensate  by an i n h e r e n t l y  h ig h e r  m e ta b o lic  r a t e  i s  
q u e s t io n a b le .  At any r a t e ,  i t  sh o u ld  be em phasized  t h a t  
th e  r e a l  ch an g es o c c u r re d  d u r in g  th e  f i r s t  3 inks; th e  
seco n d  th r e e  was a  p e r io d  o f  m a in ten a n ce  o f  th e  s t a t e  o f  
d i f f e r e n c e s  i n  body c o m p o s itio n .
V e r t i c a l  Jump. S t r e n g th , and Power
H y p e rtro p h y  p h a s e . The g roup  t h a t  t r a i n e d  by t r a ­
d i t i o n a l  m ethods was c l e a r l y  s u p e r io r  to  th e  t h e o r e t i c a l  
g roup  i n  VJ and  i n  PWR a f t e r  3 viks, b u t  t h e r e  w ere no s i g ­
n i f i c a n t  d i f f e r e n c e s  i n  SQ ( F ig u re s  5> 6 , and  7 ) ,  The 
d e f ic ie n c y  i n  th e  t h e o r e t i c a l  g roup  m ig h t be r e l a t e d  to  
th e  c h ro n ic  f a t i g u e  c r e a te d  by h ig h  volum es o f  work 
(T s c h ie n e , 1973)* C oaches and a t h l e t e s  who u se  p e r io d ­
i z a t i o n  p ro c e d u re s  sh o u ld  be  ta u g h t  to  e x p e c t p o o re r  
s p o r t s  p e rfo rm an ce  d u r in g  and im m e d ia te ly  a f t e r  th e  hy­
p e r t ro p h y  p h a s e .
P eak in g  (6  w k s).  In  te rra s  o f  s p o r t s  p e rfo rm a n c e , 
p e a k in g  f o r  s t r e n g t h ,  pow er, and  jum ping a b i l i t y  i s  c r i t ­
i c a l .  At t e r m in a t io n  o f  t h i s  e x p e r im e n t, s i g n i f i c a n t  
d i f f e r e n c e s  i n  g a in s  f o r  SQ and PWR fa v o re d  th e  t h e o r e t -
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F ig u re  5. VJ (cm im p ro v em en t) ,
E xperim en t 1
i c a l  m odel ( F ig u r e s  6  and  7)»  T here  w ere no d i f f e r e n c e s  
b e tw een  th e  g ro u p s  i n  VJ o r  BWT. The r e d u c t io n  i n  volume 
and in c r e a s e  i n  i n t e n s i t y  o v e r  t h i s  p e r io d  i s  c l e a r l y  
v a l i d .  A p p a re n tly , th e  h ig h e r  i n t e n s i t i e s  p ro v id e d  an 
a d e q u a te  s t im u lu s  f o r  c o n tin u e d  d ev e lo p m en t, w h ile  th e  
lo w e r  vo lum es rem oved th e  t h e o r e t i c a l  c a u se  o f  p o o re r  
e a r l y  p e rfo rm a n c e , r e s i d u a l  f a t i g u e .
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E x p erim en t 1
39
T h e o r e t ic a l  0  
T r a d i t i o n a l  A
35
30
25
20
10
5
0
weeks 0 3 6
F ig u re  7 .  S q u a t (k g  im p ro v e m e n t) ,
E xperim en t 1
E xperim en t 2
The p u rp o se  o f  t h i s  e x p e rim e n t was to  c o n tin u e  i n ­
v e s t i g a t i o n  o f  th e  t h e o r e t i c a l  model and i t s  a b i l i t y  f o r  
p ro d u c in g  s t r e n g th  and pow er g a in s  by e x te n d in g  th e  t r a i n ­
in g  p e r io d  to  11 w eeks. A fo llo w -u p  s e t  w ith  l i g h t e r  
w e ig h t was added  d u r in g  th e  l a s t  7 weeks o f  t r a i n i n g  i n  
o r d e r  to  d e te rm in e  w h e th e r LBW would be a f f e c t e d .
D ata  a n a l y s i s  r e v e a le d  l i t t l e  ag reem en t b e tw een  Ex­
p e r im e n ts  1 and 2 . U n lik e  E xperim en t 1, t h e r e  w ere no
d i f f e r e n c e s  be tw een  g ro u p s  i n  LBW o r  p e r c e n t  f a t .  T h is  
d is c re p a n c y  c a n n o t be  e x p la in e d .  F u r th e r ,  no s i g n i f i c a n t  
d i f f e r e n c e s  a p p e a re d  a t  any  tim e  i n  SQ o r  PWR, i n  c o n t r a s t  
to  th e  p e a k in g  p e rfo rm an c e  o f  th e  t h e o r e t i c a l  g roup  i n  
E x p erim en t 1. The o b v io u s  v a r ia n c e  i n  th e  two t r a i n i n g  
p r o to c o l s  (T a b le  6) s u g g e s ts  a  r a t i o n a l e  f o r  th o s e  ob­
s e r v a t i o n s .  I n  E xperim en t 1 , t h e r e  was c l e a r  w eekly  p ro ­
g r e s s io n  to w a rd s  p e a k in g  by m ore f r e q u e n t  a d ju s tm e n ts  i n  
volum e and i n t e n s i t y .  I n  E x p erim en t 2 , th e  h y p e rtro p h y  
and t r a n s i t i o n  p h a se s  a c c o u n te d  f o r  8 o f  th e  11 weeks 
o f  t r a i n i n g ,  p e rh a p s  to o  lo n g  a t  h ig h  volume w ork, r e ­
s u l t i n g  i n  o v e r t r a in i n g .  T here  i s  no d a ta  to  s u g g e s t  
w h e th e r  3 wks o f  h ig h  i n t e n s i t y  ( 3 x 2 )  work c o u ld  com­
p e n s a te  f o r  su ch  a  h y p o th e t i c a l  p ro b lem . A n o th e r con­
fo u n d in g  f a c t o r  was a d d i t i o n  o f  fo llo w -u p  s e t s  w ith  l i g h t  
w e ig h t to  o b se rv e  e f f e c t s  on LBW and p e r c e n t  f a t .  T h is  
had  no o b s e rv a b le  i n f lu e n c e  on body c o m p o s it io n , b u t  
added  s l i g h t l y  to  th e  volum e o f  work a t  a  tim e  when p e r ­
h a p s  th e o r y  d i c t a t e d  o th e r w is e .
The o n ly  s i g n i f i c a n t  d i f f e r e n c e  be tw een  g ro u p s  i n  
E x p erim en t 2 was an a d v a n ta g e  by th e  t h e o r e t i c a l  g roup  i n  
VJ (F ig u re  8 ) .  T h is  i s  a  f a c t o r  c r i t i c a l  to  s p o r t s  p e r ­
fo rm an ce , and th e  f a c t  t h a t  th e  s i g n i f i c a n t  d i f f e r e n c e  
o c c u r re d  o n ly  a f t e r  p e a k in g  i s  n o te w o rth y . T hus, w h ile  
s t r e n g th  and pow er in c r e a s e d  i n  s i m i l a r  f a s h io n  f o r  b o th
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g ro u p s , th e  t h e o r e t i c a l  m odel was v a l i d a t e d  by e x is te n c e  
o f  th e  a d v a n ta g e  i n  developm en t o f  VJ p e rfo rm a n c e .
E xperim en t 3
The p u rp o se s  o f  t h i s  e x p e rim e n t w ere: (1 )  to  d e te r ­
m ine th e  r e s p o n s e s  o f  y o u n g er s u b j e c t s  to  p e r i o d i z a t io n  
o f  t r a i n i n g ,  ( 2 ) to  exam ine two d i f f e r e n t  t r a n s i t i o n  p h ase  
p ro c e d u re s ,  and ( 3 ) to  o b se rv e  re s p o n s e  to  2  wks o f  de­
t r a i n i n g .
S t r e n g th
The t h e o r e t i c a l  m odel w ith  th e  s h a r p e r  t r a n s i t i o n  
from th e  h y p e r tro p h y  p h a se  (E 2 ) was a p p a r e n t ly  th e  s u p e r io r  
i n  te rm s  o f  developm ent o f  s t r e n g t h .  A n a ly s is  o f  d a ta  f o r  
th e  pow er c le a n  (CLN) r e v e a le d  a  s i g n i f i c a n t  d i f f e r e n c e  
o n ly  a t  7 weeks w ith  E2  fa v o re d  o n ly  o v e r  E1 (F ig u re  <?)•
I t  sh o u ld  be n o te d  t h a t  a  w ide ra n g e  i n  s k i l l  was e x h ib i te d  
d u r in g  e x e c u tio n  o f  th e  CLN, so l i f t i n g  m ech an ics  may be 
a  co n fo u n d in g  v a r i a b l e  i n  t h i s  m easu re  and c o n s e q u e n tly  
mask t r u e  s t r e n g th  g a in s  to  some e x t e n t .  E2 was s i g n i f ­
i c a n t l y  b e t t e r  th a n  b o th  E1 and th e  c o n t r o l  g roup  (C) i n  
BN a f t e r  10 weeks and a t  12 weeks (F ig u re  1 0 ) . E2 a ls o  
showed an a d v a n ta g e  o v e r  C a f t e r  12 weeks i n  a  m easure  o f  
com bined s t r e n g th  (SUM), w hich in c lu d e d  d a ta  from  SQ, BN, 
and CLN (F ig u re  1 1 ) . The o n ly  d e p a r tu r e  from t h i s  p a t t e r n  
was i n  SQ, i n  w hich th e  s t r e n g t h  developm en t o f  E 1 was 
s i g n i f i c a n t l y  s u p e r io r  to  t h a t  o f  C a f t e r  12 weeks (F ig u re
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12)* I n  no c a s e  d id  th e  c o n t r o l s  e x c e l  o v e r  e i t h e r  t h e ­
o r e t i c a l  model g ro u p .  These f i n d in g s  a r e  i n  g e n e r a l  a g re e ­
ment w i th  E xperim en t 2 i n  t h a t  s t r e n g t h  developm ent r e ­
s u l t s  o f  t h e o r e t i c a l  m odels a r e  a t  w o rs t  no d i f f e r e n t  
from t r a d i t i o n a l  p r o c e d u r e s ,  and show a d v a n ta g e s  i n  some 
m e a su re s  o f  s t r e n g t h ,  p a r t i c u l a r l y  a f t e r  th e  p e a k in g  p h a se .  
C o n je c tu re  t h a t  t h e  lo n g  p e r i o d  o f  h ig h  volume work i n  Ex­
p e r im e n t  2 was r e s p o n s i b l e  f o r  t h e  minimum a d v a n ta g e  o f  
th e  t h e o r e t i c a l  model was s u p p o r te d  i n  t h i s  e x p e r im e n t ,
E j ,  w i th  a  p r o t o c o l  s i m i l a r  to  t h a t  i n  E xperim ent 2 , was 
c l e a r l y  o n ly  s l i g h t l y  b e t t e r  th a n  C and o b v io u s ly  i n f e r i o r  
to  Egi whose t r a i n i n g  in v o lv e d  a  s h a r p e r  d e p a r t u r e  from 
h ig h  volume l i f t i n g .  T hus, i t  a p p e a r s  t h a t  o v e r t r a i n i n g  
can  o c c u r  from to o  much work i n  a  r e l a t i v e l y  s h o r t  p e r i o d ,  
a  m ost im p o r ta n t  c o n c e p t  f o r  c o ach es  and a t h l e t e s ,
VJ, PWR. and Endurance
W hile a l l  g ro u p s  im proved  p e rfo rm an c e  a c r o s s  t im e  
i n  VJ, PWR, and t h e  m easure  o f  m u sc u la r  e n d u ran ce  (80% 
max SQ r e p s ) ,  t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  be­
tw een  g r o u p s .  The f a c t  t h a t  t h e  low  volume o f  t r a i n i n g  
d u r in g  th e  l a t t e r  p h a se s  o f  th e  h y p o t h e t i c a l  program  was 
n o t  d e t r e m e n ta l  to  e n d u ran ce  i s  im p o r t a n t ;  a  l o g i c a l  
f e a r  o f  l o s s  o f  s ta m in a  upon r e d u c in g  t r a i n i n g  volume 
i s  common.
P e a k in g  by t h e o r e t i c a l  g ro u p s  Im proved VJ i n  E x p e r i ­
m ent 1 and  PWR i n  E x perim en t 2 , c o n t r a r y  t o  t h e  f i n d in g s
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A-8
o f  t h i s  e x p e r im e n t .  A n a t u r a l  q u e s t io n  a r i s e s  a s  to  
w he ther  th e  m a tu r a t i o n  l e v e l  o f  th e  s u b j e c t s  i n  t h i s  
e x p e r im e n t  c o u ld  p o s s i b l y  have been  a  f a c t o r ,  e s p e c i a l l y  
d u r in g  th e  h i g h e r  i n t e n s i t y  p h a se s  o f  t r a i n i n g  t h a t  
b r i n g  a b o u t  p e a k in g .  Younger s u b j e c t s  w i th  s m a l l e r  mus­
c l e  mass may need  a m o d if ie d  a p p ro a ch  to  p e r i o d i z a t i o n .
Body C om position
T here  were no s i g n i f i c a n t  d i f f e r e n c e s  from t r a i n i n g  
among any g roups  i n  BWT, LBW, o r  p e r c e n t  f a t .  T h is  i s  i n  
ag reem en t w ith  E xperim ent 2 ,  b u t  i n  E xperim ent 1, b o th  
LBW and p e r c e n t  f a t  underw en t g r e a t e r  a d v an tag e o u s  chang es  
i n  th e  t h e o r e t i c a l  g ro u p .  E xam ina tion  o f  t h e  t h r e e  t r a i n ­
i n g  p r o t o c o l s  (T ab le  6) r e v e a l s  no o b v io u s  s o l u t i o n  to  
t h e  c o n t r o v e r s y .  Use o f  fo l lo w -u p  s e t s  w ith  l i g h t e r  
w e ig h ts ,  a s  i n  E xperim ent 2 , had no o b v io u s  e f f e c t  on r e ­
t e n t i o n  o f  LBW i n  t h e  p e a k in g  p h a s e .
D e t r a in in g
Only two s i g n i f i c a n t  d i f f e r e n c e s  betw een g ro u p s  
a p p e a re d  fo l lo w in g  th e  2 week d e t r a i n i n g  p e r i o d .  R e ten ­
t i o n  o f  SQ s t r e n g t h  was b e t t e r  f o r  th e  c o n t r o l  g roup  com­
p a re d  to  E.j (F ig u r e  1 2 ) .  B ecause th e  t r a i n i n g  p r o t o c o l s  
f o r  Ej and E2 were i d e n t i c a l  f o r  th e  f i n a l  5 weeks, th e  
r e a s o n  f o r  th e  s i g n i f i c a n t  d i f f e r e n c e  i n  SQ i s  o b s e rv e d .
A g r e a t e r  r e d u c t io n  i n  f a t  by E1 o v e r  E2 d u r in g  d e t r a i n ­
i n g  c a n n o t  be e x p la in e d  and may be  a  f u n c t i o n  o f  u n r e -
s t r i c t e d  d i e t  a n d /o r  e r r o r  i n  m easurem ent. I n  summary, 
none o f  th e  t h r e e  p r o t o c o l s  a p p e a rs  w orthy  o f  f a v o r  i n  
te rm s  o f  p r o b a b i l i t y  o f  b e t t e r  r e t a i n i n g  g a in s  from t r a i n ­
i n g .
E xperim en t U
The p u rp o se  o f  t h i s  e x p e r im e n t  was to  t e s t  t h e  p e r ­
i o d i z a t i o n  c o n c e p t  o f  s t r e n g t h  t r a i n i n g  u s in g  fem a le s  
and em ploying  th e  same p r o t o c o l  t h a t  th e  m ales  i n  E x p e r i ­
ment 1 u s e d .
S t r e n g th
Both e x p e r im e n ta l  and c o n t r o l  g ro u p s  d e v e lo p ed  h i g h ly  
s i g n i f i c a n t  i n c r e a s e s  i n  arm and s h o u ld e r  s t r e n g t h  and i n  
s t r e n g t h  o f  th e  l e g s  and h i p s  ( F i g u r e s  13 and 12*). R e l­
a t i v e l y  l a r g e  i n c r e a s e s  i n  s t r e n g t h  were n o te d  f o r  such  
a  s h o r t  p e r io d  o f  t im e ,  p o s s i b l y  a s  a  r e s u l t  o f  s u b je c t s *  
low  i n i t i a l  s t r e n g t h  l e v e l  (Mathews and Fox, 1976 ) .  Al­
though  no s i g n i f i c a n t  g roup  d i f f e r e n c e s  were i n d i c a t e d ,  
a s  was s u g g e s te d  i n  E xperim en t 3t t h e  m a t u r i t y  l e v e l  may 
be a  f a c t o r  i n  t h e  q u a n t i t a t i v e  r e s p o n s e  to  h ig h  i n t e n ­
s i t y  t r a i n i n g  by th e  t h e o r e t i c a l  g ro u p .  The mean a g e s  
were 15*9 and 1 6 .3  y e a r s  f o r  th e  t h e o r e t i c a l  and  t r a d i ­
t i o n a l  g ro u p , r e s p e c t i v e l y .  A c o n s i d e r a t i o n  a t  t h i s  
p o i n t  may be t h a t  l o n g e r  p e r i o d s  i n  developm ent o f  b a s i c  
s t r e n g t h  m ig h t  be needed  f o r  y o u n g e r ,  l e s s  m a tu re  i n d i ­
v i d u a l s  b e f o r e  im p o s in g  th e  h i g h e r  i n t e n s i t y  p h a s e s  o f
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th e  h y p o t h e t i c a l  t r a i n i n g  p r o t o c o l .  T h is  may be e sp e ­
c i a l l y  t r u e  f o r  fem a le s  who have l e s s  p o t e n t i a l  f o r  g a in  
i n  m u sc le  mass (Brown and W ilmore, 1974; S in n in g ,  1975; 
W ilmore, 1974; W ilmore, 1975).
V e r t i c a l  Jump and PWR
Im p re s s iv e  i n c r e a s e s  were se e n  i n  jumping a b i l i t y  
(VJ) o v e r  th e  6 weeks t r a i n i n g  p e r i o d  by b o th  g ro u p s  
w ith  mean i n c r e a s e s  o f  o v e r  6 cm. S i m i l a r  r e s u l t s  were 
o b se rv e d  w i th  r e s p e c t  to  PWR, m ost im provem ents o c c u r ­
r i n g  d u r in g  th e  f i r s t  3 weeks, w i th  no s i g n i f i c a n t  d i f ­
f e r e n c e s  be tw een  g ro u p s ,  i n  ag reem en t w i th  E xperim en t 3 .
Body C om position
I n c r e a s e s  i n  LBW and d e c r e a s e s  i n  p e r c e n t  f a t  o c c u r r e d  
a s  i n  E x p er im e n ts  1 -3 .  However, i n  ag reem en t w i th  E x p e r i ­
m ents 2 and 3 and c o n t r a r y  to  E xp erim en t 1, t h e r e  were no 
s i g n i f i c a n t  d i f f e r e n c e s  be tw een  g ro u p s .
E x p e r i m e n t s
The p u rp o se  o f  t h i s  e x p e r im e n t  was to  r e -e x a m in e  th e  
e f f e c t s  o f  im p o s in g  a  s h a rp  d e c l i n e  i n  volume o f  e x e r c i s e  
a f t e r  th e  p r e p a r a t i o n  p e r i o d ,  a  s i m i l a r  t h e o r e t i c a l  g roup  
i n  E xperim en t 3 h a v in g  shown p ro m is in g  r e s u l t s  by t h i s  
a p p ro a c h  i n  a  12 week p rog ram . I n  a d d i t i o n ,  fo l lo w in g  
s e t s  were c o n t r o l l e d  i n  th iB  e x p e r im e n t  a s  a  p e rc e n ta g e  
o f  o r i g i n a l  maximum s t r e n g t h .
52
S t r e n g th
As i n  E x p e r im e n ts  1 -^ , b o th  t h e o r e t i c a l  and t r a d i t i o n a l  
g ro u p s  i n c r e a s e d  s i g n i f i c a n t l y  ( P < , 0 1 )  i n  SQ and BN a f t e r  
6 weeks o f  t r a i n i n g  ( F i g u r e s  15 and 1 6 ) .  T here  were s i g ­
n i f i c a n t  d i f f e r e n c e s  be tw een  g ro u p s  i n  SQ a t  3» 5» and 6 
weeks o f  t r a i n i n g ,  f a v o r in g  th e  t h e o r e t i c a l  g ro u p .  On 
t h e  o t h e r  hand , BN showed a  s i g n i f i c a n t  d i f f e r e n c e  a t  3»
5 , and 6 weeks o f  t r a i n i n g ,  f a v o r in g  th e  t r a d i t i o n a l  
g ro u p .  W hether t r a i n i n g  by th e  t h e o r e t i c a l  model can be 
e x p e c te d  to  im prove s t r e n g t h  b e t t e r  th a n  t r a d i t i o n a l  p ro ­
c e d u r e s  r e m a in s ,  th ro u g h  E x p erim en ts  1 -5 , p r o b le m a t i c ,
SQ s c o r e s  f a v o r  th e  t h e o r e t i c a l  model i n  E x p erim en ts  1,
3 ,  and 5» b u t  BN p e rfo rm an c e  i s  u n c l e a r ,  BN was n o t  de­
te rm in e d  i n  E x p e r im e n ts  1 o r  2 ,  was s u p e r i o r  by t h e o r e t i c a l  
p ro c e d u r e s  i n  E xperim en t 3 # no d i f f e r e n c e s  o c c u r r e d  i n  Ex­
p e r im e n t  i*, and  i n  E xperim en t 5» t r a d i t i o n a l  p ro c e d u re s  
a p p e a r  p r e f e r a b l e .  While no d e f i n i t i v e  r e s o l u t i o n  o f  th e  
dilemma i s  p o s s i b l e ,  c o n j e c t u r e  r e g a r d i n g  m usc le  mass 
a p p e a r s  w a r r a n te d .  I t  was s u g g e s te d  i n  t h e  d i s c u s s i o n s  
o f  E x p er im en ts  3 and Zf t h a t  m usc le  mass m igh t be a  f a c t o r  
to  c o n s id e r  i n  ju d g in g  th e  v a l i d i t y  o f  th e  t h e o r e t i c a l  
m odel. I n c o n s i s t e n t  f i n d i n g s  w i th  r e s p e c t  to  BN s u p p o r t  
t h i s  c o n t e n t i o n .  A p a t t e r n  h a s  begun to  emerge i n  SQ, 
f a v o r i n g  t h e  need  f o r  s h a r p e r  d e c l i n e s  i n  t r a i n i n g  volume a f ­
t e r  t h e  p r e p a r a t o r y  h y p e r t r o p h y  p h a se  p r e c e d in g  h ig h  i n t e n s i ­
t y  t r a i n i n g  and i s  s u p p o r te d  by th e  r e s u l t s  i n  E x p erim en ts
ki
lo
gr
am
s
T h e o r e t i c a l O  
T r a d i t i o n a l  &125
120
15
110
105
100
95
90
0
6weeks 50 3
F ig u re  15* Means f o r  SQ (k g ) ,
E xperim en t 5
ki
lo
gr
am
s
T h e o r e t i c a l ©  
T r a d i t i o n a l  A
85
80
73
70
65
0
6weeks 50
Figure 16. Means for BN (kg),
Experiment 5 vn-p-
55
3-5* An e x te n s io n  o f  t h i s  r e a s o n in g  would l e a d  t o  t h e  recom­
m en d a tio n  t h a t  e f f e c t s  o f  l o n g e r  p e r i o d s  o f  low  i n t e n s i t y ,  
h ig h  volume t r a i n i n g  f o r  s m a l l e r  m u sc le  g ro u p s  he exam ined.
Power and V e r t i c a l  Jump
R e s u l t s  i n  a n a e ro b ic  l e g  power (PWR), a s  w e l l  a s  
jum ping a b i l i t y  (VJ) a f t e r  6 weeks i n d i c a t e  t h a t  t h e  t h e ­
o r e t i c a l l y  t r a i n e d  g roup  d e v e lo p ed  g r e a t e r  g a in s  i n  PWR 
and VJ th a n  th e  t r a d i t i o n a l  g roup  ( F ig u r e s  1? and 1 8 ) .
PWR i n  E xperim en t 1, and VJ i n  E xperim en t 2 f a v o r e d  th e  
t h e o r e t i c a l  m odel, s u p p o r t in g  t h e s e  f i n d i n g s .  No d i f ­
f e r e n c e s  were found i n  e i t h e r  m easu re  i n  E x p e r im e n ts  3 
o r  The f a c t  t h a t  VJ im provem ent was s u p e r i o r  a t  week 
5 i n  t h e  t r a d i t i o n a l  g roup  i s  s u p p o r te d  by s i m i l a r  d a ta  
i n  E xperim en t 1 i n  which t r a n s i e n t  d i s a d v a n ta g e s  i n  VJ 
and PWR by th e  t h e o r e t i c a l  g roup  were a t t r i b u t e d  to  th e  
h ig h  volume o f  work i n  th e  p r e p a r a t o r y  p h a s e .  C r i t i c a l  
to  t h i s  d i s c u s s i o n  i s  th e  f a c t  t h a t  th e  g o a l  o f  p e r i o d ­
i z a t i o n  i s  tow ard  p e a k in g  and t h a t  p e r fo rm a n c e s  e a r l i e r  
i n  t r a i n i n g  a r e  b a s i c a l l y  im m a te r i a l .
Body C om position
As i n  a l l  p r e v io u s  e x p e r im e n ts  and a s  w i th  o t h e r  
p a r a m e te r s ,  b o th  t r a i n i n g  p r o c e d u r e s  c o n t in u e d  t o  e f f e c t  
b e n e f i c i a l  c h a n g e s ,  i n  t h i s  c a s e ,  i n c r e a s e s  i n  LBW and 
d e c r e a s e s  i n  p e r c e n t  f a t .  I n  ag reem en t w i th  E x p erim en ts
ki
lo
gr
am
 
- 
m
et
er
s/
se
c
128
126
124
122 
120 
118 
116 
1 14
T h e o r e t i c a l O  
T r a d i t i o n a l  A
T _
A""
weeks
F ig u re  17 .
*(P<.05)
Means f o r  PWR (kg  -  m /s e c ) $ 
E xperim ent 5
\ jiOn
60 T h e o r e t i c a l O  
T r a d i t i o n a l  A
58
56
52
50
0
weeks 60 3
F ig u re  18. Means f o r  VJ (cm ),
E xperim en t 5
58
2, 3» and h , no s i g n i f i c a n t  d i f f e r e n c e s  b e tw een  g ro u p s  
were found i n  BWT, LBW, o r  p e r c e n t  f a t .
E xperim en t 6
P u rp o s e s  o f  t h i s  e x p e r im e n t  were: (1 )  to  examine th e  
e f f e c t i v e n e s s  o f  th e  t h e o r e t i c a l  model o v e r  a  l o n g e r  pe­
r i o d ,  a s  i n  E x p erim en ts  2 and 3 (11 & 12 weeks, r e s p e c ­
t i v e l y ) ,  u s in g  much l a r g e r  g ro u p s  o f  s u b j e c t s  i n  a  mod­
i f i e d  t r a i n i n g  p r o t o c o l ;  (2 )  to  d e te rm in e  w h e th e r  t r a i n i n g  
volume and i n t e n s i t y  r e l a t i o n s h i p s  were i n  a c c o rd  w ith  
M a tv e y e v 's  model (1 9 7 2 ) ;  and  (3 )  to  compare t o t a l  work 
done i n  SQ by th e  two g ro u p s .
S t r e n g th
T here  was an o v e r a l l  t e s t  e f f e c t  to  i n d i c a t e  t h a t  
b o th  g ro u p s  i n c r e a s e d  s i g n i f i c a n t l y  ( P ^ . O l )  i n  SQ a f t e r  
11 weeks o f  t r a i n i n g  ( F ig u r e  19) .  A lso ,  t h e r e  was a  
h i g h ly  s i g n i f i c a n t  d i f f e r e n c e  be tw een  g ro u p s  i n  SQ a t  8 
and  a g a in  a t  11 weeks, f a v o r in g  th e  e x p e r im e n ta l  g roup  
o v e r  th e  c o n t r o l .  The bench  p r e s s  (BN) showed an  o v e r a l l  
t e s t  e f f e c t  i n d i c a t i n g  t h a t  t h e r e  was a  h i g h ly  s i g n i f i c a n t  
( P - < .0 1 )  i n c r e a s e  f o r  b o th  g ro u p s  a t  11 weeks o f  t r a i n i n g .  
However, t h e r e  were no d i f f e r e n c e s  betw een  g ro u p s  a t  
e i t h e r  4 , 8 ,  o r  11 weeks o f  t r a i n i n g .  T h is  i l l u s t r a t e s  
t h e  g r e a t e r  a b i l i t y  o f  th e  model to  p ro d u ce  s t r e n g t h  
g a in s  i n  th e  l a r g e  l e g  and  h ip  m u s c le s ,  r e i n f o r c i n g  t h e  
f i n d i n g s  i n  E x p er im en ts  1, 3* and 5« W ith s p e c i f i c  r e f -
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e re n c e  to  th e  o t h e r  e x p e r im e n ts  t h a t  were o f  com parab le  
l e n g t h ,  t h e s e  r e s u l t s  a r e  i n  g e n e r a l  agreem ent* I n  Ex­
p e r im e n t  3 s t r e n g t h  g a in s  by th e  model were c l e a r l y  sup e ­
r i o r ,  b u t  no d i f f e r e n c e s  were o b se rv e d  to  o c c u r  be tw een  
g ro u p s  i n  E xperim en t 2 . However, j u s t  a s  i n  E x p erim en ts  
k  and 5» t h e  s m a l l e r  arm and s h o u ld e r  m u sc le s  d id  n o t  
re s p o n d  i n  a  p a r a l l e l  f a s h i o n .  T h is  r e c u r r i n g  t r e n d  i n  
BN l e n d s  f u r t h e r  s u p p o r t  to  th e  s u p p o s i t i o n  t h a t  su ch  a  
s m a l l e r  m usc le  mass may r e q u i r e  a  m o d if ie d  p e r i o d i z a t i o n  
a p p ro a c h ,  p e rh a p s  a  l o n g e r  d u r a t i o n  o f  th e  p r e p a r a t i o n  
p h a se  p r i o r  to  e x p o su re  to  h ig h e r  i n t e n s i t y  s t i m u l a t i o n .
Power and V e r t i c a l  Jump
Both PWR and VJ re sp o n d e d  f a v o r a b ly  t o  w e ig h t  t r a i n ­
i n g ,  a s  was shown to  be t r u e  i n  E x p er im e n ts  1-3# However, 
no s i g n i f i c a n t  d i f f e r e n c e s  were shown be tw een  g ro u p s  i n  
t h i s  e x p e r im e n t .  I n  th e  o t h e r  two l o n g e r  e x p e r im e n ts ,  
o n ly  VJ i n  E xperim en t 2 f a v o re d  th e  t h e o r e t i c a l  m odel, 
o t h e r  PWR and VJ c o m p ar iso n s  showing no g roup  d i f f e r e n c e s .  
I n  6 week e x p e r im e n ts ,  r e s u l t s  were s p l i t  w i th  PWR a n d /o r  
VJ im provem ents  f a v o r in g  t h e  model i n  E x p er im en ts  1 and 
5 ,  w i th  no group d i f f e r e n c e s  w h a tso ev e r  w i th  th e  fem a le s  
i n  E xperim en t if. With r e s p e c t  t o  m ale  s u b j e c t s ,  i t  ap­
p e a r s  t h a t  o v e r  l o n g e r  p e r i o d s ,  p e r i o d i z a t i o n  y i e l d s  no 
p a r t i c u l a r  a d v a n ta g e  o v e r  t h e  t r a d i t i o n a l  3 * 6  p r o t o ­
c o l ,  w i th  r e s p e c t  to  PWR and VJ. The t h e o r e t i c a l  m odel,
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however» (appears p r e f e r a b l e  when s h o r t e r  t r a i n i n g  p e r i o d s  
a r e  u s e d .  T h is  t r e n d  m igh t n o t  h o ld  f o r  a l l  p r o t o c o l s ;  
c e r t a i n l y  a d d i t i o n a l  i n v e s t i g a t i o n  o f  v a r i a t i o n s  o f  th e  
model a r e  n e c e s s a r y  i n  o r d e r  to  c l a r i f y  t h i s  p o i n t .
Body C om position
No group  d i f f e r e n c e s  i n  LBW, p e r c e n t  f a t ,  o r  BWT ap ­
p e a r e d .  T h is  was t r u e  f o r  th e  t o t a l  sam ple (n=90) which 
was s u b j e c t e d  to  s k i n f o l d  m e a su re s ,  and f o r  t h e  s u b s e t  
( n = 3 0  which was e v a lu a t e d  by h y d r o s t a t i c  w eig h ing  p r o c e ­
d u r e s .  I t  i s  c l e a r  t h a t  l i t t l e ,  i f  any , a d d i t i o n a l  a d v a n ta g e  
i s  o f f e r e d  by th e  model i n  a l t e r i n g  body c o m p o s i t io n .  Only 
E xperim en t 1 was c h a r a c t e r i z e d  by s i g n i f i c a n t  g roup  d i f f e r ­
e n c e s .
Maximum Work O utpu t
T here  was an o v e r a l l  t e s t  e f f e c t  f o r  work c a p a c i t y  on 
th e  c y c l e  e rg o m e te r ,  r e v e a l i n g  t h a t  b o th  g ro u p s  i n c r e a s e d  
s i g n i f i c a n t l y  ( P < . 0 1 )  th ro u g h  th e  11 weeks o f  t r a i n i n g  
( F ig u r e  2 0 ) .  A lso ,  t h e r e  was a  h i g h ly  s i g n i f i c a n t  d i f f e r ­
ence betw een g ro u p s  i n  maximum work o u tp u t  a t  11 weeks, b u t  
no d i f f e r e n c e  a t  4 o r  8 w eeks. A lth oug h  t h e r e  I s  no b a s i s  
f o r  com parison  i n  t h i s  s e r i e s  o f  s t u d i e s ,  t h i s  f i n d i n g  i s  
im p o r ta n t  a s  i t  r e l a t e s  to  p o t e n t i a l  p e r c e p t i o n  o f  t h e  low  
volume work a t  p e a k in g  a s  b e in g  d e t r i m e n t a l  t o  e n d u ra n c e .
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VJ Decrement
M easurem ent o f  VJ b e f o r e  and im m e d ia te ly  a f t e r  th e  
maximum work o u tp u t  b o u t s  y i e l d e d  d a t a ,  w hich , when an­
a ly z e d ,  r e v e a l e d  no s i g n i f i c a n t  d i f f e r e n c e s  be tw een  g ro u p s ,  
b e s i d e s  th e  m ea su re s  made a f t e r  e x h a u s t in g  e x e r c i s e ,  i t  
would have  been  o f  i n t e r e s t  to  e v a l u a t e  th e  decrem en t 
a f t e r  a  s t a n d a r d i z e d  submaximal b o u t .  At any r a t e ,  t h e  
f a c t  t h a t  t h e r e  were no g roup  d i f f e r e n c e s  i s  s i g n i f i c a n t  
i n  i t s e l f .  T h is  d a t a  s u p p o r t  maximum work o u tp u t  r e s u l t s ,  
s u g g e s t in g  t h a t  th e  h ig h  i n t e n s i t y ,  low  volume t r a i n i n g  
o f  p e a k in g  i s  n o t  p a r t i c u l a r l y  d e t r i m e n t a l  to  e n d u ra n c e .
Volume and I n t e n s i t y
SQ volume ( t o t a l  r e p s )  and i n t e n s i t y  ( k g / r e p )  were 
p l o t t e d  a c r o s s  t im e  f o r  com p ariso n  w i th  M atveyev1s  model 
(1972) ( F ig u re  2 1 ) .  D ata  f o r  th e  t r a d i t i o n a l  p r o c e d u r e s  
show a  c o n s t a n t  volume w i th  a  s t e a d y  i n c r e a s e  i n  i n t e n s i t y .  
The i n v e r s e  r e l a t i o n s h i p  be tw een  a l t e r a t i o n s  i n  volume 
and i n t e n s i t y  f o r  t h e  t h e o r e t i c a l  g roup  i s  c l e a r l y  ac ­
c o rd in g  to  p l a n  ( F ig u r e  1 ) .
T o ta l  Work
The t o t a l  amount o f  work done i n  t h e  p a r a l l e l  s q u a t  
f o r  t h e  e n t i r e  11 weeks o f  t r a i n i n g  was found to  be  s i g ­
n i f i c a n t l y  d i f f e r e n t  be tw een  g ro u p s ,  f a v o r in g  t h e  e x p e r i ­
m e n ta l  g ro u p .  The means and  s t a n d a r d  e r r o r s  a r e  shown i n  
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T ab le  7
T o ta l  Work f o r  P a r a l l e l  S q u a t  i n  E xp erim en t 6
Group Means (kg) S td  E r r o r
T h e o r e t i c a l 50605 1206
( P < . 0 1 )
T r a d i t i o n a l 30817 1233
D ata  f o r  d a i l y  work (SQ Load) i n d i c a t e d  t h a t  w h ile  
th e  t r a d i t i o n a l  g roup  showed g ra d u a l  i n c r e a s e s  th r o u g h o u t ,  
th e  t h e o r e t i c a l  g roup  a c h ie v e d  v e ry  h ig h  am ounts o f  work 
i n i t i a l l y ,  fo l lo w e d  by s h a rp  d e c r e a s e s  ( F ig u r e  22)# Con­
s e q u e n t l y ,  p e r i o d s  o f  l e a s t  work volume p roduced  th e  
g r e a t e s t  amount o f  s t r e n g t h  and PWR g a in  f o r  th e  t h e o r e t ­
i c a l  g ro u p ,  s u p p o r t in g  t h e  c o n c e p t  o f  p e r i o d i z a t i o n .  
F u r t h e r  s u p p o r t  o f  th e  l a c k  o f  im p o r ta n c e  o f  t o t a l  work 
done was found i n  th e  c o r r e l a t i o n  o f  1 EM SQ to  SQ Load, 
where t h e  h i g h e s t  c o r r e l a t i o n  f o r  th e  model o c c u r re d  
d u r in g  i n i t i a l  t r a i n i n g  a t  t h e  t im e  o f  l e a s t  s t r e n g t h ,  
when s t r e n g t h  had peaked  (T a b le  8 ) .  S i m i l a r ,  b u t  l e s s  
c o n c lu s iv e  r e s u l t s  can  a l s o  be se e n  f o r  th e  t r a d i t i o n a l  
g ro u p .  T h e r e f o r e ,  s t r e n g t h  g a in s  were n o t  p r i m a r i l y  
c o n t i n g e n t  on th e  amount o f  work done, b u t  r a t h e r  on th e  
i n t e n s i t y  o f  work. T h is  may be an i n t r i n s i c  a d v a n ta g e  
o f  t h e  h y p o t h e t i c a l  m odel, w hich , by i t s  d e s ig n ,  a l lo w s
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T ab le  8
1 EM SQ (kg) to
C o r r e l a t i o n  
SQ Load (kg)
C o e f f i c i e n t s  o f  
i n  T r a in in g  f o r E xperim en t 6
Group weeks
8
weeks
11 
weeks
T h e o r e t i c a l 0 .8k 0 .81 0 .0 9
T r a d i t i o n a l 0 .7 5 0 .6 9 0 .6 0
f o r  h i g h e r  i n t e n s i t y  work d u r in g  l a t t e r  p h a s e s  o f  t r a i n i n g  
when volume i s  r e s t r i c t e d .
T here  i s  an  o b v io u s  t r a d e o f f  i n h e r e n t  i n  th e  c h o ic e  
be tw een  t r a d i t i o n a l  p ro c e d u r e s  and th e  t h e o r e t i c a l  m odel. 
D ata  i n  s u p p o r t  o f  p e r i o d i z a t i o n  h a s  a ccu m u la ted  i n  t h e s e  
s i x  e x p e r im e n ts ,  b u t  i t  i s  f a r  from overw helm ing . The 
d e c i s i o n  m ust be made a s  to  w h e ther  t o  u se  t r a d i t i o n a l  
m eth o d s , a d m i t t e d ly  i n f e r i o r  i n  some r e s p e c t s  w h ile  e q u a l ly  
good i n  o t h e r s ,  o r  th e  t h e o r e t i c a l  m odel, th e  s u c c e s s  o f  
which i s  d ep en d en t  on th e  accom plish m en t o f  much more 
t o t a l  work.
E xperim en t 7
P u rp o se s  o f  t h i s  e x p e r im e n t  w ere: (1 )  to  examine
th e  c o n c e p t  o f  p e r i o d i z a t i o n  d u r in g  a t t e m p t s  t o  a c h ie v e  
m u l t i p l e  p e ak s  i n  t h e  developm ent o f  s t r e n g t h  and power 
i n  m a le s ,  and (2 )  to  exam ine th e  r e s p o n s e s  o f  c o l l e g e  aged 
f e m a le s  to  th e  t h e o r e t i c a l  m odel.
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S t r e n g th  (m a les )
T here  was a  h i g h ly  s i g n i f i c a n t ,  ( P * < ,0 1 ) ,  o v e r a l l  
t e s t  e f f e c t  f o r  SQ and BN, i n d i c a t i n g  t h a t  a l l  t h r e e  m ale  
g ro u p s  i n c r e a s e d  i n  l e g  and h ip  s t r e n g t h  and i n  arm and 
s h o u ld e r  s t r e n g t h  a f t e r  6 weeks o f  t r a i n i n g ,  E1 was s i g ­
n i f i c a n t l y  b e t t e r  i n  SQ a t  3 weeks th a n  e i t h e r  o f  th e  
o t h e r  g ro u p s ,  b u t  t h e r e  were no o t h e r  s i g n i f i c a n t  d i f ­
f e r e n c e s  among g ro u p s  ( F ig u r e  23 )•
T h e o r e t i c a l O  ( E1) 
T h e o r e t i c a l 0 (E2) 
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F ig u re  23* SQ (k g ) Means f o r  M ale G ro u p s ,
E x p erim en t 7
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F or SQ, t h e  f i r s t  peak  was a c h ie v e d  a s  p la n n e d ;  how ever, 
i n  no o t h e r  s t r e n g t h  m easure  was th e  s i n g l e  o r  d o u b le  
p e a k in g  model e f f e c t i v e .  F in d in g  t h a t  p e r i o d i z a t i o n  can  
be  condensed  e f f e c t i v e l y  i n t o  a  3 week p e r io d  i s  p a r t i c ­
u l a r l y  m e a n in g fu l ,  t h e r e  b e in g  o b v io u s  a p p l i c a t i o n s  i n  
s p o r t s .  W hether t h e o r y  i s  c o r r e c t  t h a t  m u l t i p l e  p e ak s  
i n  s t r e n g t h  can  be a c h ie v e d  i s  moot; f u r t h e r  i n v e s t i g a t i o n  
i s  w a r r a n te d .
Power and V e r t i c a l  Jump (males')
The r e s u l t s  i n d i c a t e  th e  c l e a r  s u p e r i o r i t y  o f  th e  
d o u b le  p e r i o d i z a t i o n  group ( E ^  f o r  developm ent o f  PWK, 
compared to  t h e  s i n g l e  p e r i o d i z a t i o n  (E 2 ) o r  c o n t r o l  
g ro u p s  (F ig u r e  2 k ) • F u r th e rm o re ,  jum ping a b i l i t y  was 
im proved  o v e r a l l ,  w i th  E1 and Eg b o th  s u p e r i o r  t o  th e  
t r a d i t i o n a l l y  t r a i n e d  g roup  ( F ig u r e  2 5 ) .
The o n ly  f a i l u r e  o f  E  ^ to  f i t  e x p e c t a t i o n s  w i th  r e ­
s p e c t  to  t h e s e  m easu re s  was a t  th e  end o f  th e  f i r s t  peak ­
i n g  c y c l e  when t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  i n  
VJ be tw een  g ro u p s .  The f i n d in g s  o f  p o s i t i v e  PWK and VJ 
r e s p o n s e s  to  d o ub le  p e r i o d i z a t i o n  s u p p o r t  th e  d a ta  on 
SQ, p o i n t i n g  to  th e  e f f i c a c y  o f  a  s h o r t - t e r m  (3  wk) 
t r a i n i n g  c y c le  t h a t  c o n t a in s  a l l  o f  t h e  e le m e n ts  o f  th e  
b a s i c  m odel. Weekly means f o r  th e  d o u b le  p e r i o d i z a t i o n  
g ro up  a r e  p r e s e n t e d  i n  F ig u r e s  26 and 27 to  p r o v id e  a  
more co m p le te  p i c t u r e  o f  t r e n d s  o c c u r r i n g  o v e r  th e  e n t i r e
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F ig u re  26. Weekly Means f o r  E xperim ent 7 , 
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F ig u re  27 • Weekly Means f o r  E xperim ent 7 , 
Double P e r io d iz a t io n  Group i n  VJ (cm)
6 week t r a i n i n g  p e r io d .  R esp o n ses i n  PWR w ere p e r f e c t l y  
r e p r e s e n t a t i v e  o f  t h e o r e t i c a l  e x p e c ta t io n s .  The i n i t i a l  
h ig h  volum e p r e p a r a t io n  p h a se  b ro u g h t a b o u t a d rop  i n  PWR. 
D uring  s u b s e q u e n t t r a n s i t i o n ,  sm a ll  g a in s  o c c u r r e d ,  b u t  
PWR was s t i l l  s h o r t  o f  b e g in n in g  l e v e l s .  The f i r s t  peak ­
in g  c au se d  a  m arked in c re m e n t .  The r e t u r n  to  h ig h  volum e, 
low  i n t e n s i t y  work th e n  r e s u l t e d  i n  o n ly  a  v e ry  s l i g h t  
d ro p o f f  i n  p e rfo rm a n c e , w ith  t r a n s i t i o n  and p e a k in g  th e n  
b r in g in g  PWR to  th e  h ig h e s t  l e v e l .  Such re q u ire m e n ts  f o r  
d o u b le  p e a k in g  a r e  n o t  uncommon. A t y p i c a l  exam ple m ig h t 
be  a  r e g io n a l  h ig h  sc h o o l c o m p e ti t io n  from w hich w in n e rs  
would be  s e l e c t e d  to  e n t e r  th e  s t a t e  cham p ionsh ip  c o n te s t  
w i th in  2 o r  3 w eeks.
W hile VJ r e s p o n s e s  w ere n o t  a s  p r e d i c t a b l e  a s  PWR, 
d o u b le  p e a k in g  b e n e f i t s  a r e  o b v io u s  i n  F ig u re  27 . Of 
n o te  i s  t h a t  a t  2 wks p e rfo rm an c e  i s  no b e t t e r  th a n  a t  
th e  o u t s e t ,  b u t  th e  f i r s t  peak  a t  3 wks i s  c l e a r .  From 
3 wks to  6 wks, th e  m odel i s  p e r f e c t ,  f i r s t  th e  h ig h  v o l ­
ume decrem en t and th e n  th e  t r a n s i t i o n  and p e a k in g  re s p o n s e s  
b e in g  p i c t u r e - p e r f e c t  w ith  r e s p e c t  to  t h e o r y - p r a c t i c e  
m a tc h in g .
Body C om position  (m a le s )
T h is  i s  th e  o n ly  e x p e rim e n t o f  th e  s e r i e s  i n  w hich 
BWT ch an g ed . S i g n i f i c a n t  i n c r e a s e s  f a v o r in g  th e  d o u b le  
p e a k in g  g roup  o v e r  th e  c o n t r o l s  o c c u r re d  a t  3 and a t  5
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weeks (F ig u re  2 8 ) . The e x p la n a t io n  m ig h t be e x p e c te d  to  
l i e  i n  e x t r a o r d in a r y  in c re m e n ts  i n  LBW, b u t  no su ch  change 
o c c u r r e d .  T here  w ere no s i g n i f i c a n t  d i f f e r e n c e s  betw een  
g ro u p s  i n  LBW. R e d u c tio n  i n  p e rc e n t  f a t  was s i g n i f i c a n t l y  
g r e a t e r  i n  th e  t r a d i t i o n a l  g roup  them i n  th e  t h e o r e t i c a l  
g roup  a f t e r  5 weeks (F ig u re  2 9 ) , c o n t r ib u t in g  to  th e  
a fo re m e n tio n e d  d i f f e r e n c e s  i n  BWT. No mechanism  le n d s  
i t s e l f  to  re a d y  e x p la n a t io n  o f  th e s e  ch an g e s .
S t r e n g th  ( fem a le s )
In  ag reem en t w ith  th e  r e s u l t s  o f  E xperim en t it on 
fem ale  s u b j e c t s ,  th e  fe m a le s  i n  E xperim en t 7 o b ta in e d  
no a d v a n ta g e  o v e r  t r a d i t i o n a l  p ro c e d u re s  by u s in g  th e  
m odel. W hile t h e r e  were h ig h ly  s i g n i f i c a n t  i n c r e a s e s  i n  
SQ and BN from t r a i n i n g ,  t h e r e  were no s i g n i f i c a n t  d i f ­
f e r e n c e s  betw een  g ro u p s .
Power and V e r t i c a l  Jump ( fe m a le s )
B oth fem ale  g ro u p s in c r e a s e d  i n  PWR and VJ a s  i n ­
d ic a te d  by an o v e r a l l  t e s t  e f f e c t  f o r  th e  6 weeks t r a i n i n g  
p e r io d  ( F ig u r e s  30 and 3 1 )•  S i g n i f i c a n t  d i f f e r e n c e s  be­
tw een g ro u p s , i n  f a v o r  o f  th e  t h e o r e t i c a l  g ro u p , o c c u rre d  
a t  6 weeks f o r  PWR and a t  3 and 6 weeks f o r  V J. The 
t e s t  e f f e c t  r e s u l t s  a r e  i n  ag reem en t w ith  r e s u l t s  o f  th e  
fem ale  s u b j e c t s  i n  E xperim en t 4 ,  b u t  no PWR and VJ d i f ­
f e r e n c e s  w ere found i n  th e  e a r l i e r  s tu d y .  These r e s u l t s  
s u p p o r t  th e  e a r l i e r  s u p p o s i t io n  t h a t  more m atu re  s u b je c t s
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m ig h t re sp o n d  b e t t e r  to  th e  v e ry  h ig h  i n t e n s i t y  work r e ­
q u ire d  by th e  t h e o r e t i c a l  m odel b e c a u se  o f  th e  g e n e r a l ly  
l a r g e r  m usc le  m ass. However, t h i s  i s  c o n je c tu r e  and n o t  
su p p o r te d  by d a ta .
Body C om position  ( fem a le s )
No s i g n i f i c a n t  d i f f e r e n c e s  betw een  g ro ups  were found 
f o r  BWT, LBW, o r  p e r c e n t  f a t .  T h is  i s  i n  a g re em e n t,  b o th  
w ith  d a ta  from E xperim en t k on fem a le s  and w ith  a l l  ex­
p e r im e n t s  i n  th e  s e r i e s  on m a le s ,  w i th  t h e  e x c e p t io n  o f  
t h e  i n i t i a l  s tu d y .
E xperim ent 8
The p u rp o se  o f  t h i s  e x p e r im e n t  was to  i d e n t i f y  and 
e v a l u a t e  s e l e c t e d  c h a r a c t e r i s t i c s  o f  s u b j e c t s  from Ex­
p e r im e n t s  2 ,  3» and 6 who g a in  th e  m ost o r  t h e  l e a s t  
PWR by u se  o f  t h e  t h e o r e t i c a l  m odel.
D is c r im in a n t  a n a l y s i s  p ro c e d u re s  were em ployed to  
i d e n t i f y  g roup  d i f f e r e n c e s  among h ig h  and low  g a in e r s  o f  
power (n=55) and to  p ro v id e  a  s c a l in g  model h a v in g  f u n c t io n s  
t h a t  m axim ize g roup  d i f f e r e n c e s .  A h o ld o u t sam ple (n=25) 
and su b se q u e n t c l a s s i f i c a t i o n  p ro c e d u re s  were u sed  to  
v a l i d a t e  th e  m odel. The m eans and s ta n d a rd  d e v ia t io n s  
f o r  s e l e c t e d  v a r i a b l e s  i n  th e  m odel s e t  (n=55) a p p e a r  i n  
T ab le  3 . I n t e r c o r r e l a t i o n  among v a r i a b l e s  i n  th e  m odel 
s e t  w ith  s p e c i f i c  power i n d ic e s  r e v e a le d  R = .7 7  f o r  BWT 
and LBW, a  p o s s ib le  so u rc e  o f  n o n s ig n i f ic a n c e  i n  su b s e -
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q u e n t a n a ly s e s  b e c a u se  I t  m ig h t c a u se  m u l t i c o l l i n e a r i t y  
p ro b lem s and t h e r e f o r e  r e s u l t  i n  d i f f i c u l t i e s  o f  B e ta  
i n t e r p r e t a t i o n .
A t e s t  o f  v a r ia n c e - c o v a r ia n c e  m a t r ic e s ,  B o x 's  (M), 
i n d ic a t e d  t h a t  th e  two g ro u p s  o f  s u b je c t s  (YD^ and YD2 ) 
w ere hom ogeneous (F e 3*2229 1 and 6339*9 d e g re e s  o f  freedom ;
P < .0 5 )  w hich showed t h a t  th e  group  d i f f e r e n c e s  were 
due to  th e  v e c to r s  o f  m eans and n o t  to  v a r ia n c e - c o v a r ia n c e  
d i f f e r e n c e s .
D is c r im in a n t  a n a l y s i s  showed t h a t  o n ly  one d is c r im ­
i n a n t  f u n c t io n  was s i g n i f i c a n t  ( P < . 0 5 ) .  The raw  s c o re  
and s ta n d a r d iz e d  w e ig h ts  o f  b o th  f u n c t io n s  a r e  p ro v id e d  
i n  T ab le  9 , T h is  f u n c t io n  a c c o u n te d  f o r  100% o f  v a r i ­
a b i l i t y  among g ro u p s . The s ta n d a r d iz e d  d is c r im in a n t  
w e ig h ts  p ro v id e  an in d e x  o f  each  v a r i a b l e 's  r e l a t i v e  im -. 
p o r ta n c e  i n  th e  d i s c r im in a n t  f u n c t io n .  S in c e  o n ly  one 
f u n c t io n  was s i g n i f i c a n t ,  and le a n  body w e ig h t (X6) was 
th e  o n ly  v a r i a b l e  r e t a i n e d ,  i t s  s ta n d a r d iz e d  c a n o n ic a l  
d i s c r im in a n t  f u n c t io n  c o e f f i c i e n t  was 1 .0 . T h is  d i s ­
c r im in a n t  f u n c t io n  s e p a r a te d  th e  h ig h  g a in e r s  from th e  
low  g a in e r s  o f  pow er a s  d e m o n s tra te d  by d i f f e r e n c e s  be ­
tw een  g roup  c e n t r o id s  (F ig u re  3 2 ) ,  and th e  s ig n i f i c a n c e  
d e m o n s tra te d  by an  H o t t e l l i n g  T^ (F = 6 .6573  1 and 53 d f ;
P < * 0 5 ) .  T h is  c l a s s i f i c a t i o n  te c h n iq u e  em ployed on th e  
m odel d a ta  (n a 55) i s  i l l u s t r a t e d  by th e  c o n fu s io n  m a tr ix  
i n  T ab le  10.
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T ab le  9
Raw S c o re  (Y) and  S ta n d a rd  W eights 
o f  D is c r im in a n t  S c o re s ,  E xperim en t 8
V a r ia b le D is c r im in a n t  F u n c tio n *
Y Group 1 Group 2
X6 1.1247 1.2277
C o n s ta n t -3 2 .9 3 8 5 -3 8 .4 9 8 8
Group 1: 
Group 2:
Y = -3 2 .9 3 8 5  + 1.121*7 X6
Y = -3 8 .4 9 8 8  + 1 .2277  X6
*W Ilkf s  Lambda s  0 .8 8 8 4  (C h i  s q u a re  » 6 .2 1 2 ; d f  « 1; P c . 0 5 )
Group 1 Group 2
.2528
F ig u re  3 2 . I l l u s t r a t i o n  o f  Group C e n tro id s ,  E x p erim en t 8
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T ab le  10
C o n fu sio n  M a tr ix  f o r  Model D ata  (n=55)* E xperim en t 8
A c tu a l 1t o f  Cases P r e d ic te d  Group M em bership
g ro u p  1 = 1 9  
g roup  2 = 36
t o t a l  55
*ro,up 1 g roup  2,
c a s e s  % 
(1 0 ) 5 2 .6  
(7 )  19 .4
c a s e s  % 
(9 )  4 7 .4
(2 9 ) 8 0 .S
o v e r a l l  p e rc e n t  o f  g rouped  c a s e s  c o r r e c t l y  c l a s s i f i e d
10 + 29
------------------ = 70.91%
55
maximum chance  c r i t e r i a  = 65.5%  
p r o p o r t io n a l  chance  c r i t e r i a  s 55.0%
In  o r d e r  to  com bat th e  upward b i a s  p ro b lem , a  h o ld o u t  
sam ple (n=25) was u sed  to  v a l i d a t e  th e  m odel. Means and 
s ta n d a rd  d e v ia t io n s  o f  s e l e c te d  v a r i a b l e s  f o r  th e  h o ld ­
o u t  sam ple  (n=25) a r e  a v a i l a b l e  i n  T ab le  11* D is c r im in a n t  
a n a l y s i s  was u se d  to  v a l i d a t e  th e  m odel, y i e ld in g  th e  con­
fu s io n  m a t r ix  p r e s e n te d  i n  T ab le  12*
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T ab le  11
Means and S ta n d a rd  D e v ia t io n s  o f  S e le c te d  
V a r ia b le s  f o r  H o ldou t D ata  (n=25)»  E x p erim en t 8
Age
( y r s )
HT
(cm)
BWT
(k g )
VJ
(cm)
SQ
(k g )
LBV/
(k g )
x: 19 .8 177 .7 7 5 .1 5 3 .5 105 .4 6 5 .7 3
SD: + 5 .8 + 8 .5 + 7 .0 + 17.8 + 5 .85
T ab le  12
C o n fu sio n  M a tr ix  f o r  H oldou t Sam ple (n s 25)» E x p erim en t 8
A c tu a l  #  o f  Cases P r e d i c t e d  Group Membership
Group 1 = 5 
Group 2 = 20
t o t a l  25
grout* 1 g roup  £
c a s e s  % 
(1 )  2 0 .0  
(0 )  0 ,0
c a s e s  % 
(4 )  8 0 .0  
(2 0 )  100.0
o v e r a l l  p e rc e n t  o f  g rouped  c a s e s  c o r r e c t l y  c l a s s i f i e d
1 +  20
-------------  = 8k %
25
maximum chance  c r i t e r i a  s 80 %
p r o p o r t io n a l  chance  c r i t e r i a  = 96 %
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The s c a l in g  model b a se d  on LBW a s  a  s in g l e  f u n c t io n  
a p p e a rs  to  be a  good c l a s s i f i e r  o f  h ig h  and low  g a in e r s  o f  
power w ith  th e  g iv e n  c o n s t r a i n t  i n  ty p e  o f  s u b j e c t s  and 
th e  v a r i a b l e s  r e c o rd e d . I t  a p p e a rs  t h a t  t h i s  m odel co u ld  
be u se d  to  c l a s s i f y  s u b j e c t s  f o r  a ss ig n m e n t i n t o  experim en­
t a l  and c o n t r o l  g ro u p s  f o r  a  b lo c k in g  e f f e c t  when i n  p u r­
s u i t  o f  more homogenous g ro u p in g  and b e t t e r  r e s e a r c h  d e s ig n .
A b a s ic  i n t e r p r e t a t i o n  o f  th e  r e s u l t s  o f  t h i s  e x p e rim e n t i s  
t h a t  s u b je c t s  w ith  th e  l e a s t  i n i t i a l  LBW re sp o n d  b e s t  i n  PWR 
p ro d u c t io n  w h ile  t r a i n i n g  on th e  t h e o r e t i c a l  m odel.
Summary and C o n c lu s io n s  
A c o n s i s t e n t  f in d in g  th ro u g h o u t th e  e n t i r e  s e r i e s  o f  
e x p e r im e n ts  was t h a t  t r a d i t i o n a l  w e ig h t t r a i n i n g  p ro c e d u re s  
and a l l  m o d if ic a t io n s  o f  th e  t h e o r e t i c a l  model c o n s i s t e n t l y  
p ro v id e d  s i g n i f i c a n t  i n c r e a s e s  i n  s t r e n g th  and power a s  w e ll 
a s  d e s i r a b l e  ch an g es i n  l e a n  body w e ig h t and p e r c e n t  f a t .  
Judgem ent o f  th e  v a l i d i t y  o f  p e r i o d i z a t io n  was d i f f i c u l t  and 
m ust r e l y  l a r g e l y  on s u b je c t iv e  e v a lu a t io n  o f  p o o le d  r e s u l t s .  
In  o n ly  fo u r  o f  th e  63 s e p a r a te  a n a ly s e s  i n  sev en  e x p e r i ­
m ents d id  th e  t r a d i t i o n a l  m ethod p ro v e  b e t t e r .  I n  40 c a s e s ,  
t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  betw een  g ro u p s , w h ile  
i n  19 t e s t s  th e  t h e o r e t i c a l  m odel p roved  s u p e r i o r .  A 
summary o f  f i n d in g s ,  by c a te g o ry ,  sh o u ld  p ro v id e  c l a r i ­
f i c a t i o n :
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1. I n  one e x p e r im e n t, LBW and p e r c e n t  f a t  changes 
fa v o re d  th e  t h e o r e t i c a l  model* I n  one e x p e r im e n t, p e r ­
c e n t  f a t  l o s s  was g r e a t e r  i n  th e  t r a d i t i o n a l  group* T here 
w ere no s i g n i f i c a n t  d i f f e r e n c e s  i n  o th e r  c o m p ariso n s  be­
tw een  g ro u p s , l e a d in g  to  th e  c o n c lu s io n  t h a t  body com­
p o s i t i o n  m o d if ic a t io n  i s  n o t  more f a v o ra b ly  a f f e c t e d  by 
e i t h e r  m ethod o f  t r a in in g *
2 . I n  f iv e  o f  th e  sev en  e x p e r im e n ts , SQ p e rfo rm an ce  
fa v o re d  th e  t h e o r e t i c a l  group* On th e  o th e r  hand , i n  th e  
f iv e  e x p e r im e n ts  i n  w hich BN was e v a lu a te d ,  one fa v o re d  
th e  m odel, one fa v o re d  th e  t r a d i t i o n a l  m ethod, and th r e e  
were in c o n c lu s iv e ,  show ing no s i g n i f i c a n t  d i f f e r e n c e s  
betw een  g ro u p s . A p p a re n tly , p e r i o d i z a t io n  p ro c e d u re s  and 
e x e r c i s e s  u sed  i n  th e s e  e x p e r im e n ts  were q u i te  v a l i d  f o r  
th e  l a r g e r  m uscle  m ass in v o lv e d  i n  SQ, b u t  i n a p p r o p r ia t e  
f o r  s m a l le r  m usc le  g ro u p s .
3* I n  f iv e  o f  th e  sev en  e x p e r im e n ts , VJ a n d /o r  PWR 
d ev e lo p m en ts  were s u p e r io r  i n  th e  t h e o r e t i c a l  m odel g ro u p s . 
T here  were th r e e  i n s t a n c e s ,  im m e d ia te ly  fo l lo w in g  th e  
h ig h  volum e h y p e rtro p h y  ( p r e p a r a t io n )  p h a se , i n  w hich 
t r a n s i e n t  a d v a n ta g e s  were shown by t r a d i t i o n a l  g ro u p s . 
W eek-by-week p l o t s  o f  VJ and PWR i n  E xperim en t 8 r e v e a le d  
te m p o ra ry  l o s s e s  i n  p e rfo rm an c e  t h a t  c h a r a c t e r i s t i c a l l y  
fo llo w e d  th e  h ig h  volum e p h a s e . However, su b se q u e n t to  
a p p l i c a t i o n  o f  p e a k in g  p ro c e d u re s ,  VJ and PWR c l e a r l y  
f a v o r  p e r i o d i z a t io n  th e o r y .
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if. C om parisons o f  maximum work o u tp u t ,  80% max 
SQ r e p s ,  and r e l a t i v e  d ecrem en t i n  VJ fo l lo w in g  maximum 
work i n  E xperim en t 6 were e q u iv o c a l .  MWO fa v o re d  th e  
t h e o r e t i c a l  m odel, b u t  t h e r e  w ere no s i g n i f i c a n t  d i f f e r ­
en c e s  i n  th e  o th e r  two m e a su re s . I n t e r p r e t a t i o n  o f  th e s e  
r e s u l t s  would l e a d  to  th e  l o g i c a l  c o n c lu s io n  t h a t ,  f o r  
th e s e  t a s k s ,  th e  low  volum e, h ig h  i n t e n s i t y  work i n  p eak ­
in g  i s  n o t  accom panied  by a  d ecrem en t i n  en d u ra n ce  i n  th e  
p e r i o d i z a t io n  m odel g ro u p .
5 . Two e x p e r im e n ts  in v o lv e d  fem ale  s u b j e c t s  and 
some o f  th e  r e s u l t s  a r e  e q u iv o c a l .  W hile one e x p e rim e n t 
was c h a r a c t e r i z e d  by a b s o lu te ly  no s i g n i f i c a n t  d i f f e r e n c e s  
betw een  g ro u p s , th e  o th e r  showed c l e a r  a d v a n ta g e s  by th e ­
o r e t i c a l  m odel p ro c e d u re s  i n  VJ and PWR, w h ile  SQ, BN,
BWT, LBW, and p e r c e n t  f a t  were n o t  s i g n i f i c a n t l y  d i f f e r e n t .  
One m ig h t  s p e c u l a t e  t h a t  t h e  d i f f e r e n c e s  c o u ld  be  a  fu n c ­
t i o n  o f  age o r  m a t u r i t y ,  t h e  o n ly  o b v io u s  d e sc re p a n c y  be­
tw een s u b j e c t s  o r  p ro g ram s .
I t  i s  c o n c lu d e d  from  th e s e  e x p e r im e n ts  t h a t  th e  p ro ­
p o sed  t h e o r e t i c a l  m odel o f  t r a i n i n g ,  b a sed  on th e  con­
c e p t  o f  p e r i o d i z a t i o n ,  i s  s u p e r io r  to  t r a d i t i o n a l  m ethods 
f o r  a c h ie v in g  in c r e a s e d  s t r e n g t h  and pow er.
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